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BackGroUND: The Navigation Guide methodology was developed to meer the need for a robust
method of systematic and tansparent research synthesis in environmental bealth science. We
conducted a case study systematic review to support proof of concept of the method.

OBJECTIVE: We applied the Navigation Guide systematic review methodology to determine whether
developmental exposure w perfluctooctanoic acid (PFOA) affects feral growth in humans.

METHODS: We applied the first 3

steps of the MNavigation Guide methodology to human

epidemiological data: 1) specify the study question, 2) select the evidence, and 3) rate the quality
and strength of the evidence. We developed a protocol, conducted a comprehensive search of the
literature, and identified relevant studies nsing prespecified criteria. We evaluared each study for
visk of bias and conducred meta-analyses on a subset of studies. We rated quality and stength of the

eatire body of human evidence.

REsULTS: We identified 18 human studies that met our inclusion criteria, and 9 of these were
combined through meta-analysis. Through meta-analysis, we estimated that a I-ng/ml increase
in serum or plasma PFOA was associated with 2 -18.9 g (95% CL -29.8, -7.9) difference in birth
weight. We concluded that the risk of bias across si,ud(es was low, and we assigned a “moderate”

quality rating to the overall body of hurman evidence.

ConNcLusioN: {¥n the basis of this first application of the Navigation Guide systematic review
methodology, we concluded that there is “suflicient” human evidence that developmental exposure

to PFOA reduces fetal growth.

Crration: Johnson PI, Sutton P, Awchley DS, Koustas E, Lam |, Sen S, Robinson KA, Axelrad DA,
Woodruff T]. 2014. The Navigation Guide—evidence-based medicine meets environmental health:
systepatic review of human evidence for PFOA effects on fetal growth. Environ Health Perspect
122:1028-1039; hrp://dr.dolorg/10.1289/ehp. 1307893

Introduction

’Syndﬂesizihg environmental health rescarch
from multiple streams of evidence is aritical to
translating the science into improved health
outcomes. Robust, systematic, and transparent
methods of research synthesis are an identi-
fied need in environmental health (National

Research Council 2011). Such methods
already exist to evaluate clinical evidence
(GRADE \X’orking Group 2012; Higgins
and Green 2011) and include steps such as
developing a prespecified protocol, a compre-
hensive search, and rating the quality of the
evidence. Although methods of synthesizing

clinical research are primarily applied to
randomized controlled clinical trials, the
evidence streams for environmental health
science are different. The Navigation Guide
systernatic review methodelogy was developed
0o appiy best practices in research synthesis in
clinical medicine and environmental health
to the evidence streams commeon in environ-
mental health science (i.e., experimental toxi-
cological studies and observational human
studies) in order to reach an overall conclusion
about the strength of evidence (Woodruff
et al. 2011a). Additional background on the
Navigation Guide is given in a companion
commentary {Woodruff and Sutton 2014).
We undertook a case study to apply the
Navigation Guide methodology. For this first
case study, we evaluated the evidence for the
effects of exposure to perflucrooctanoic acid
(PFOA) on fetal growth. PFOA has been used
for » 50 years in the manafacture of fluoro-
polymers used in industrial applications and
consumer products to impart certain charac-
teristics, such as fire and stain resistance
[Prevedouros et al. 2006; U.S. Environmental
Protection Agency (EPA) 2012]. We selected
PFOA for cvaluanuh based on pervasive
human exposure and the evidence of asso-
ciations with feeal growth {Agency for Toxic
Substances and Disease Regisery 2009;
Apelberg et al. 2007; Fei et al. 2007, 2008;
Kato et al. 2011; ULS. EPA 2012). In addition,
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there have been inconsistent conclusions about
the evidence of an association between PFOA
and fetal growth (DeWitt et al. 2009; Hekster
et al. 2003; Jensen and Leffers 2008; Kennedy
et al. 2004; Kudo and Kawashima 2003; Lau
et al. 2004, 2007; Lindstrom et al. 2011;
Olsen et al. 2009; Post er al. 2012; Steenland
et al. 2010; White et al. 2011).

In this review, we evaluate the human
epidemio?ogic evidence refating PFOA
eXpOosure to fetal grc}wth using the Navigation
Guide systematic review appmach, The results
of applving the Navigation Guide method-
ology to the nonhuman evidence are presented
in another review (Koustas et al. 2014), and
the results of applying the Navigation Guide
methodelogy to integrate the human and
nonhuman evidence streams are presented in a
third review (Lam et al. 2014).

Methods

We assembled a review team with expertise in
the felds of systematic review, environmental
health, epidemiology, biology, statistics, and
risk assessment to d(-:velc;p aa presp{:ciﬁed
protocc}l for conducting the systematic review
[Uniw‘,rsity of California, San Francisco
(UCSF) Program on Reproductive Health
and the Environment 2013]. More informa-
tion about the review team is available in the
companion commentary by Woodruff and
Surton (2014).

Step 1. Specify the Study Question

Our objective was to answer the question:
“Does fetal developmental exposure to PFOA
affect feral growth in humans?” We developed
a PECO (participants, exposure, comparator,
and outcomes) statement, which is used as
an aid to developing an answerable question
{Higgins and Green 2011). Our PECO
statement included the following:

Participants: humdr‘s who are studied
during the reproductive/developmental time
period (before and/or during pregnancy or
development)

Exposure: exposure to PFOA {CAS#
335-67-1) or its salts during the time before
pregnancy and/or during pregnancy for
females or directly to fetuses

Comparators: humans exposed to lower
levels of PFOA than the more highly exposed
humans (i.e., a comparison across a range
of expostires)

Outcomes: effects on fetal growth,
birth Weight, and/or other measures of size,
such as length.

Step 2. Select the Evidence

Search methods. We developed search terms
to identify relevant literature by using the
medical subject headings (MeSH) in PubMed
(htpe//werw.nchi.nlm.nih.gov/pubmed) and
other key words for five articles known to
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us and that we judged to be relevant to our
study question. Our search was not limited
by language or publication date. The search
terms for each database, which include terms
related to the exposure, the outcome, and the
human subjr:cts, are provided in Supplem{:ntal
Material, Table S1. We searched PubMed
(30 Apnl 2012), Embase (bttp Fwww.elsevier.

com/online-tools/embase; 7 May 2012), Web
of Science (hup://apps.webofknowledge.
com/; 11 May 2012), and other databases
23-27 April 2012). The specific databases
searched and numbers of records retrieved
are provided in Supplemental Material,
Table S2. We also hand searched the reference
lists of all included studies and used Web of
Science to search for articles that cited the
included studies.

Study selection critevia. We selected studies
in which human exposure to PFOA was
measured or estimated, and associations with
fetal growth were evaluated. We did not require
fetal growth to be the main outcome of the
study. We screened studies for inclusion using
a structured form in DistillerSR (Evidence
Partners; hetp://www.systematic-review.net).
Two review authors (P.1]. and [3.5.A.) inde-
pendenty conducted a title and abstract screen
of the search resules to determine whether a
reference met the inclusion criteria: studies
that were not excluded based on the title and
abstract were screened tlﬂrcmgh a full-text
review. A third author (P.S.) screened 5% of
the search results ar the mlf:/ abstract and full-
text stages for quality assurance. Following the
screening and in the case of discrepant results
between reviewers, the initial two reviewers
(P.1]. and [3.5.A.) discussed each discrepancy
and brooght in the third reviewer (P.S.) if
necessary to discuss and decide on the status
(include/exclude} of each discrepancy.

We excluded studies if
* The article did not contain original daw or
observations
Study subjects were not humans
Esposure to PFOA was not measured in, or
estimated for, the study subjects
PFOA exposure was not measured or esti-
mated during the reproductive/developmental
time period {any time before or during
pregrancy for women, or directly in fetuses,
including cord blood)

Fetal or infant growth or birth weight wWas
not measured.

Data collection. Two review authors (P.L].
and [3.5.A) worked together to extract the dara
from all of the included articles. We compared
all of the extracted data with the same data
that was independently extracted by a third
researcher (J. Pan; UCSF) for quality assur-
ance and quality control. We planned to discuss
any discrepancies among the three extracrors
€0 COME 0 A CONSensUS. We collected details of
the study characteristics, exposure assessment,
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outcome measurements, and information used
to assess risk of bias using a structured form in
DistillerSR; we created this form by combining

aspects of existing criteria and checklists
{Guyate et al. 201 Ib Higgins and Deeks 2011;
von Elm et al. 2008). We contacted study
authors to obtain data needed for the analysis
that were not reported in the published articles.

Step 3. Rate the Quality and Strength
of the Evidence

We rated the quality and strength of the
evidence by @) assessing “risk of bias,” defined
as characteristics of a study that can intro-
duce a systematic error in the magnitude or
direction of the results of the study (Higgins
and Green 2011}, for each included study;
by raﬂng the quality of the evidence across all
stucies; and ¢} rating the stren;lth or certainty,
of the evidence across all studies (Figure 1}.

Assessing the visk of bias for each included
study. We assessed risk of bias for each incladed
study using an instrument we developed by
adapting existing risk of bias goidance used to
evaluate human studies in the clinical sciences:
the Cochrane Collaboration’s Risk of Bias tool
(Higgins and Green 2011} and the Agency
for H-‘:‘ﬂrhcar-‘: Research and Quality’s criteria
(Viswanathan et al. 2012). We also included
the funding source and declared conflicts of
interest as a potential source of bias based on
empirical data from studies conducted on phar-
macological treatments that reported evidence
of bias associated with fonding source (Krauth
et al. 2013; Lundh et al. 2012). We considered
whether the study received “support from a
compaity, study author, or other entity having
a financial interest in the outcome of the study”
{(see Suppi{:ma‘:nml Material, “Instructions
for Making Risk of Bias Ddeterminations”).
A]though we refer generally to thls risk of
bias domain as “¢ Onﬁidb of interest,” we only
assessed competing financial interests in this
case study.

We assignc*d each risk of bias domain as
“low risk,” “probably low risk,” “probably
high risk,” “high nsk, or “not applicable”
{risk of bias area not applicable to the study).
Cur pro[cn:ol provided speciﬁc instructions
for each dlassification to help ensure consis-
tent interpretation. The specific risk of bias
instrument is provided in Supp lemental
Material, “Instructions for Making Risk of
Bias Determinations.” A summary of the
criteria for “low risk” of bias for each domain
is outlined in Table 1. Two review authors
{(P.1]. and [1.5.4.) independently made and
documented risk of bias determinations for
each study across all domains. When these
two authors could not reach consensus on
a risk of bias domain, two other authors
(P.S. and J.L.) reviewed the results. f upon
further discussion the four authors were
unable to reach agreement on a risk of bias
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determination for a partis:uiar domain, the
more conservative judgment was selected
{e.g., if one reviewer made a judgment of
“low risk” and the other made a judgmert of
“probably low risk,” the “probably low risk”
judgment was used).

In addition to the instructions in the
protocol, we made the following decisions for
rating the blinding and confounding risk of
bias domains. We judged a study to be low
risk of bias for blinding when it described that
speumen samples were coded or otherwise
blinded. We judged a study to be probably
low risk of bias when it d escnbc*d only partial
blinding or described methods that would
have effectively blinded inv&c‘rigators to the
exposure and outcome groups {e.g., exposure
was mieasured separatdy, and birth weight
was obtained from a hospital record}. Our
criterion for designating low risk of bias for
confounding required that studies account
for only two potential confounders, those we
deemed the main “important” confounders.
Based on existing data and « priori knowledge
of the exposure and outcome of interest in all
the studies, we decided that maternal age and
gestational age were the main “important”
potential confounders for all the included
studies. Maternal age and gestational age may
be correlated with PFOA exposure and fetal
growth (Fei et al. 2007; Halldorsson et al.
2012; Ode et al. 2013). We considered studies
“low risk” of bias for confounding if the study
authors accounted for both maternal age and
gestational age in their design or analysis or if
they reported that either confounder did not
influence associations between PFOA and the
outconte being asessed. We considered studies
high risk of bias if the study authors did not
account for either maternal age or gestational
age, and probably high risk if they did not
account for gestational age in the data analy ysis
but restricted the analysis of birth weight to
term births due to the potential for res}dual
confounding by gestational age among
term births.

Data evaluation and meta-analysis. We
assessed the following stady characteristics to
determine whether studies were combinable
in a meta-analysis: measure of fetal growth
outcome, study design, exposure assessnient,
and data analysis. We compared different
measures of exposure, such as cord or maternal
serum, to determine whether they were
comparable. Biomarkers and timing of PFOA
exposure assessments differed across studies,
that is, PPOA was measured at different times
during pregnancy in cord serum, maternal
serum, and maternal plasma. Despite these
differences, there was evidence of high corre-
fation of PFOA concentrations berween
these matrices within the same populations:
between cord and maternal serum ar birch
(Fromme et al. 2010; Kim SK et al. 2011,

1030

Monroy et al. 2008); between cord and
second or third trimester maternal serum or
plasima (Fei et al. 2007; Kim § et al. 2011}
and between first and second trimester
maternal plasma (Fei et al. 2007). We
combined studies in the meta-analyses with
different measures of PFOA based on this
concordance, We also assessed the following
study design and data analysis parameters to
determine which studies were combinable:
the exposure and cutcome statistic (contin-
uous, dichotomous, or other scale}, whether
studies measured actual birth weights or only
recorded whether the birth weight was “low”
(ie., < 2,500 g} and which variable was the
endent or independent variable in models
of estimated effects. We contacted study
authors to request information needed for
meta-analysis. We requested linear regression
model coefficients for the association between
a I-ng/ml. increase in PFOA (modeled as
an untransformed continuous variable) and

f

each outcome from authors if they were not
reported, or, if less burdensome f)r authors,
the raw data needed to calculate the esti-
mated difference in birth weight. When raw
data were provided, we used linear regres-
sion models to calculate estimates of change
in birth weight per nanogram per milliliter
of serum PFOA, We evaluated potential
confounders as provided by study authors,
one at a time comparr:d with an unadjusted
model. We adjusted the regression models
by the covariates provided by the study
authors if inclusion of the covariate changr:d
the estimate by > 0% compared with the
unadjusted model.

We conducted computations for linear
regressions, meta-analyses and hetero-
geneity statistics using STATA, version 12.1
{StataCorp LP). We used the “metaan”
compmiand in STATA with the DerSimonian-
Laird random-effects method for all meta-
analyses to account for potental heterogeneity

Risk of bias

fRisk of bias is determined for

Quality of evidence

(uality is rated across
each individual study. studiss, Human evidence

gins s “moderate guality”
and may be downgraded -1 or
-2} or upgraded (+1 or +2}
aceording to factors.

Strength of evidence

alf

rength is rated scress all
studiss, The final ratings
rapresant the fevel of certainty
of taxicity
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®

®
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Selective raporting
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Figure 1. Overview of Navigation Guide systematic review methodology used for raling the guality and
strength of the human evidence.
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across studies (DerSimonian and Laird 1986).
We used estimates of association between
PFOA and fetal growth and the standard
error from each study to caleulate an overall
effect estimate for the following fetal growth
measures at birth: weight, langth head circum-
ference, and ponderal index (birth weight
divided by length cubed, multiplied by 100}.

To test statistical hetﬁrogeneity across the
study estimates, we estimated the variance
corresponding to the between-study vari-
ability, and tested the null hypothesis that
the bet‘ween«stuéy Variability was absent.
We used the Cochran’s (Q statistic for this
test, which follows a chi-square distribution
with » — 1 degrees of freedom {df), where =
is the number of studies. We considered a
p-value of = 0.05 statistically significant. We
calcu]ated and evaluated the /2 test statistic
[7 = 100 x (Q — df)/Q], which is an estimate
of tLe p-‘:hcntage of the variability among
study estimates that is due to hetemgeneity
rather than chance (Higgins and Green 2011).
We conducted sensitivity analyses to detes-
mine the effect of inciuding estimates from
studies with differing characteristics or high
risk of bias.

Rating the quality of evidence across studies.
The possible ratings for the overall quality of
the body of evidence were “high,” “moderate,”
Following the approach estab-
lished by the Grading of Recommendations
Assessment D-‘:vciopmcnt and Fvaluation
{(GRADE) method used in the clinical
sciences for making evidence-based decisions
for medical interventions (GRADE Working
Group 2012), we determined the final rating
by assigning a prespﬁciﬁec’ initial quality rating
to the body of evidence, and then considering
adjustments (“downgrades” or “upgrades”) w
the quaiitv rating based on the characteristics
of the studies constituting the body of evidence
{Balshem et al. 2011). GRADE guidelines,
developed for clinical interventions, assign
exp-‘:.rimenrai human studies an initial rating
of “high” and observational studies an initial
rating of “low” quality (Balshem et al. 2011).
However, there is Variability in the qua?ity
of studies, and not all observational studies
are low quality (Viswanathan et al. 2012). In
environmental health, human observational
data are usually the most directly applicable
data available for decision making because
ethical considerations virtually preclude
human randomized controlled trials (RCTs)
in environmental health. We began by rating
human observational studies at “moderate”
qua]lty to capture both the limirations of
observational data and their recognized value
in assessing associations between exposure
and health outcomes and disease eticlogy in
environmental and clinical sciences (Woodruff
and Sutton 2014}, When available, experi-
mental human data or “natural experiments”

»
or “low.

Systematic revie

may be considered as “high” quality data if

they are compa rable to RCTs; however, this
was not relevant to this case study, and thus
the criteria for determining comparability with
RCTs is not yet developed.

We assessed the overall bod" of human
evidence for dov vnyramr‘g and upgrading
the pl&‘PpCCIﬁQG ‘moderate” guality rating
based on eight factors (Table 2). In acdmm"
because we were primarily concerned with
underestimating true positive associations
in evaluating the potential for publication
bias, we therefore considered 2) whether the
body of evidence was dominated by early
studies with negative associations, particu-
larly if the studies were small; ) whether
studies were uniformly smalls ¢} if there were
enough studies to conduct an examination
of patterns of study results (e.g., funnel
plots) that might suggest publication bias;
) if we obtained unpublished studies with
results that differed from published studies; or
¢) whether a comprehensive literature search
was pcrﬁrmed Possible ram‘;ls, were 0 {no
change from “moderate’ qtnhw;, -1 {one-
level downgrade), -2 (two-level downgrade);
+1 {one-level upgmde;, or +2 (twu fevel
upgrade). The review authors independently
evaluated the quality of the evidence and
then compared their ratings and rationale for
each quality factor. We resolved discrepancies
between individual author ratings through
discussion until consensus was reached. We
were conservative in our judgments of down-
grading or upgrading the evidence, consis-
tent with the GRADE approach (i.e., we
required compelling rationale) (Guyarr et al.
2011a). We recorded the collective rationale
for decisions on the eight factors and for the
final rating.

Rating the strmgﬂj af the evidence acvoss
studies. Rating the strength of the evidence
across the human studies summarizes the
homan evidence; this SUMIAry will allow
for the integration of human and nonhuman

¢/ of PFOA and human fetal growth

streams of evidence, ultimatr:ly ieading wa
concise statement about a chemical’s toxicity
{(Woodruff et al. 2011a).

‘We rated the overall strength of the body
of human evidence based on a combination
of four considerations: @} quality of the body
of evidence (i.e., the rating from the previous
step; by direction of the effect estimate;
¢} confidence in the effect estimarte (likeli-
hood that a new study would change cur
conclusion); and 4) other compelling attri-
butes of the data that may influence certainty
(Figure 1), We compared the results of rating
the strength of the human evidence 1o the
definitions specified in the Navigation Guide
for “sufficient evidence of toxicity,” “Hmited
evidence of toxicity,” "inadequate evidence
of toxicity,” or “evidence of lack of toxicity”
{(Table 3). We based the rating categories for
the strength of the evidence on those used
by the International Agency for Research on
Cancer {IARC 2006). We used criteria and
considerations used by IARC {(2006), the
U.S. Preventive Services Task Force (Sawaya
et al. 2007), and the U.S. EPA (1991, 1996}
for the type of evidence considered for sach
of these strength of evidence categories.
Review authors independently evaluated
the strength of the evidence according to
the same four considerations and compared
their evaluadions, resolved discrepancies
by discussion, and recorded the collective
rationale for decisions.

,a

Results

Included studies. Our search retrieved a total
of 3,023 unique records, of which 17 articles
met the inclusion criteria (Figure 2). One
of the 17 articles contained the results of
two separate data sets (Savitz et al. 2012b),
and hand searching the reference lists of the
17 included articles identified 1 additional
stady not yet indexed in the databases
searched. Therefore, we included a total of 19
data sets in our analysis (Table 4). The studies

Table 2. Factors for evaluating the quality of the body of human evidence.

Evaluation factors

Summary of ¢

owngrading factors
isk of bias
raciness

Ri

BXpOsUre, Compa

inconsistency

Dose resp

Confounding minimizes effect

or biases would undet EQU:T!UTE tf

resuits show no effect.

Study limitations include a substantial ris
Evidence was not directly comparable to

arator, outcome {PECOY.
ilar popultations were widely different {heterog

ipants and few ev
ing from body of evidence, resti
effects from exposu

sk of hias across the body of evidence.
the question of interest [i.e., population

ity or

ide Cls}.
ing inan aver-

fo i
s §

or underestimats

Lffe“i of SUgy e<t a opurmw Lffeut whan
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covered the vears 1988-2009, included popu-
lations Lvmtﬁ in nine countries, and rmg:d
from 17 to 11,737 study subjects (Table 4).
Risk af bias assessment far individual
studies. We concluded that there was gener
ally low risk of bias across the 19 data sets
{Figure 3A). According to the Navigation
Guide criteria, we identified confounding,
exposure assessment, and conflict of interest
as the most common types of risk of bias
(Figure 3B). Although we considered risk
of bias separately for each outcome (birth
weight and other fetal growth measures),
the results did not differ with respect to
outcone, so only one summary is presented
in Figure 3 {see also Supplﬁmemal Material,
Tables §3-821). One exception was Maisonet
et al. (2012} (see Supplemental Material,

Table 513}, for which we designated a higher
risk of hias for fetal growth measures other
than birth weight because of a large amount
of missing data for outcomes other than birth
weight in that stady.

Statistical analysis. We found no discrep-
ancies in the data with respect to different
data extractors. We made 13 requests to
study authors for additional data for our
meta-analysis. Six study authors responded;
3 provided the requested statistics and
3 provided individual-level data from which
we calculated the summary statistics. We
plotted continuous effect estimates {11 studies)
to Visuaﬂy assess the range, precision, and
dose—response data for evaluating the rela-
tionship between PFOA and birth weight
(Figure 4). A summary plot of all odds ratio

Table 3. Strength of evidence definitions for human evidence.?

o

Strength rating

Defi

vidence of toxicity
ias, and

idies, ar

Limited evidence of toxicity

Inadequate evidence of toxicity

Evidence of lack of toxicity

condm

A posi itive refationship is obsemd bet

avidence i
d the conclusion is
fure studies.
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Figure 2. Flowchart showing the literature search and screening process

. The primary goal of our search

was to obtain comprehensive resulis; therefore, our search was not limited by language or publication
date. The search terms for each database are provided in Supplemental Material, Table S1.
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estimates for low birth weight (< 2,500 g} is
presented in Supplemental Material, Figure $1.
We data from 10 studies

- combined
in the mﬁta—analys-ﬁs of the association
between PFOA exposure and measures of
fetal growth. Within the 10 studies, there
were 9 data sets on birth weight, 5 data sets
on length, 4 data sets on ponderal index,
and 4 data sets on chest circumference. The
studies that were not included in the meta-
analyses {# = 9; Table 4) generally reported a
staristical estimate that was not combinable
with the others. The majority of the studies
reported a continuous regression estimate with
PYOA as the independent variable and fetal
growth as the dependent variable. If a study
reported an alternate statistic such as an odds
ratio, mean, or correlation coefficient and we
were unable to obtain data from the authors,
then the study could not be combined with
the majority of studies in the meta-an: alysis
{Table 4). From the meta-analysis of 9 studies
{4,149 births) of birth weight, we found
an overall estimate of ~18.9 [‘35% confi-
dence interval {Cl}: -29.8, -7.9] g birth
weight/ng/ml increase in serum or plasma
PFOA (Figure 5, Table 5), We did not find a
high level of heterogensity among the studies
in this meta-analysis {Cochran’s Q = 12.92;
po=0.12: 7 = 38%).

We judged the study of Savitz et al.
(2012b) to have “probably high” risk of bias
for the exposure assessment domain based
on its retrospectively modeled maternal
serum PFOA {see Supplemental Material,
Table $18). However, because this judgmer“
fell within the uncerrain (“probably™)
because others may malke a different judgment
about the risk of bias, we also conducted the
meta-analysis including this study (Table 3).
The addition of Savitz et al.’s estimate [from
study II, Bayesian calibrated estimate of
~0.185 g/ng/mL (95% CI: ~0.313, -0.058}]
to the mieta-analysis did not change the direc-
tion of the overall association but reduced its
magnitude from an estimated 18.9-g reduction
in birth weight/ng/mL serum or plasma PFOA
to a 15.4-g reduction (95% CI: -26.5, -4.3),
and increased the heterogeneity (from an Pof
38% to 729} (Table 5).

Only one seudy that we incdluded in the
meta-analysis for birth weight was assigned a
high risk of bias for confounding (Fromme
et al. 2010). This study was small and contrib-
uted lictle weight (< 196) to the overall effect
estimate. Omitting the study of Fromme
et al. (2010} from the meta-analysis reduced
the magnitude of the association from an esti-
mated 18.9-g reduction in birth weight/ng/mL
serum or plasma PFOA to a 17.4-g reduction
{(95% CI: ~26.8, -8.0) and reduced the hetero-
geneity {from an P of 38% to 27%). Fei et al.
(2007} was the only study that we included
in the meta-analysis that was assigned a high

area and
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Table 4. Summary of study characteristics avaluating developmental exposure to PFOA and fetal growth in human observational studies.

Median
Fetal growth Births i\#asurpmen PEOA Reasan for amission

Source measures? {m Loration Study pericd Sample matrix i ing/md) from meta-analysis

inchuded 1 metaeanalvses
Apeiterg et al 2607 BW, L, HE, P 293 2004-2005 1.8 NA
Chen et al. 20 BW, L, HC, P 4724 200 1.7 NA
Feietal Z BW 1,400 1 3 st 5.2 NA
Fei et al. 2J’]r3” L HC, PLEACY 1,400 19 3 st 5.2 NA
Frarmme et al. 2010 By 33 Munich, Germany 200 3 Bi 14 NA
Haram et al. 2009 BW, SGAY 252 Edmonton, Canada 2005-2006 Maternal serum 1516 weeks 1.5 NA
Kim S et al. 2011 BW 43 South Korea 20 g Card serum Birth 1.2 NA
Maisonet et al. 2012 BW, L Pl Z Great Britain 1 2 Maternal serum h\we’/s 37 NA
Washinoetal. 2009 BW, L HC,PLCCY 428 Sapparo, Japan Maternal serum 23-35 \NE»!«S 1.3 NA
J’Vh;lv»or hatal 2012 BW,SGAYLGAY 849 Norway Maternal plasma 17 weekstoterm 2.7 NA

excluded from mela-ahalysis
Arbuckle st al. 2012 BW 100 Ottawa, Oniario, 20052008 Cord serum Birth 1.6 BWis not the dependent model

Canada variable®
Halldorsson et al, 2017 BW 865 Aarhus, Denmark 1988--1989 Malernal serum 30 weeks 37 Only mean 8W per PFOA
quartile given
gl 2011 BW 17 Seoul, Korea 2007 Birth 1.1 Only PFOA-BW correlation given
al. 2008 BW 161 Cntario, Canada 2004-2005 Birth 16  BWisnot the dependent mode!

variahle®
Nelan et al. 2008 BW 1,555 Chio (USA} 2002-2005  Waterservice area  Preconception or NA  Categorical ecological exposure’
during pregnancy
and West 19902006 Retrospectively Du regnancy  6-15.9

Savitz el al. 20122 BW 10,189

ginia {USA) modeled maternal

Serum
Savitz et al. 20120 BW 8,253  Chioand West 15990-2004 Retrospectively During pregnancy 7.7
{study 1} Virginia (LUSA] modeled maternal

SEFUM
Savitz et al. 20120 BW 4547  Chioand West 15990-2004 Retrospectively During pregnancy 7.2-18.3 High
{study 1) Virginia (LUSA] modeled maternal

SEFUM
Steinetal. 2009 BW 1,589 Chioand West 20002006 Maternal serum Up o 5 years 212 O

Virginia {USA) postiatal iow BW

Abbreviations: AC, abdominal circumference; 8W, birth weight; CC, chest sircumference; HC, head circumference; L, length; LGA, large for gestational age; NA, not applicable; Pl, ponderal index;
SGA, small for
250 fetal gr £ D
nly two studies measured SGA, and only one $tudy brr >asurr’d A” C(‘ or !CA 1o meta- analym was cenduct ed frr be<s measures. ] 2
model. fBecause the studies of Nolan et al. {2008), itz et al. {20124, 2012b), and Stein et al. {2009} were conducted in the same geographical area, par '[If‘!pc,.ﬂtS may overiap; ‘merefure we did not
consider these studies for simultanecus inclusion in meta-analysis.

] Lowrisk
Probably low risk

A

Apeiberg et i, 2007
Arbucile et al, 2012
Chen et al, 2012
Feietal, 2008

Fai st al, 2007

Fromme et al. 2010
Halldo al. 2012
Hamm et al, 2010

Kim S etal 2011

Kim SK et ai. 2011
Maisone mz
Maonroy et &l 2008
Noian et al. 2009

Savitz et al. 20124

al. 2012b {study 1) i
Saviiz ef al. 20128 {study 2}
Stein et al. 2009

Washino at al. 2009
Whitworth et al. 2012

Recruitment strategy [

.
- Q\i&i\

Blinding 3

Confounding

Exposure assessment

Incomplete outcome data &

Selective outcome reparting B

Conflict of interest

Other sourcss of biag

0 25 50 75 100
Percent

Figure 3. Summary of the risk of bias judgments {low, probably low, probably high, and high risk} for each included human study (A} and {8} given as percentages
across all included human studies. Risk of bias designations for individual studias are assigned according to criteria provided in Supplemental Material, "instructions
for Making Risk of Bias Daterminations.”
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risk of bias for conflice of interest Oumitting
that study increased the magnitade of the asso-
ciation from an estimated 18.9 -g reduction in
birth weight/ng/mL serum or plasma PFOA o
a 22.7-g reduction (95% CIL: -36.9, 8.4} and
did not change the heterogeneity.

We found through meta-analysis that
PFOA exposure was also associated with
lower values of other fetal growth measures
at birth {Table 5). A I-ng/ml increase in
serum or plasma PFOA was associated with
a-0.1 (5% CI: -0.1, ~0.02) cm change
in birth length, a ~0.01 (95% CI: -0.03,
.01} change in ponderal index, and a —0.03
(95% CL: ~0.1, 0.01) cm change in head
circumference. Individual study estimates
included in these zmatiysesy and weights
assigned to each, are provided in Supplemental
Material, Tables $22-524.

We explored the potential effect that a new
smdy might have on our m-ﬁra—:malysis of birth

weight to assess our confidence in our overall
conclusion that there is an inverse relation-
ship between PFOA and birth weight. First,
we determined a hypothetical effect estimate
necessary to shift our meta-analysis under two
scenarios: 2 that the 95% CI of the merta-
analysis overlaps zero {becomes statisticaﬂy
insignificant), and 4} that the meta-analysis
effect estimate is greater than zero {moves in
the opposite direction}. We assumed that the
new hypothetical study would have a standard
error of 5.18 g/ng/ml, equal to the smallest
in our group of studies (Fei et al. 2007).
By inserting the values for the hypothetical
stody’s standard error and effect estimate into
the meta-analysis, we found that another new
study would have to have an effect estimate
of 18 g/ng/mL in the positive direction in
order to enlarge our Cls to overlap zero, and
225 g in the positive direction to shift our
effect estimate to greater than zero. Second,

to investigate how residual confounders might
influence the meta-analysis, we conducted a
separate metaranalysis using only vnadjusted
estimates from all the studies. Because Haram
et al. (2010) provided only an unadjusted
estimate and p-value on a natural log (In}-
transformed scale, we made a log transforma-
tion for this study to obtain the untransformed
estimate, and the standard error was calculated
from the p-value {Altman and Bland 2011;
Higgins et al. 2008). We found that the overall
unadjusted estimate for change in birth weig}lt
30.9 (95% Cl: ~49.3, ~12.5) g/ng/mL
increase in serum or plasma PFOA. Compared
with the effect estimate from the unadjusted
meta-analysis, the adjusted estimate (~18.9 g)
was closer to the null but more precise with
fess heterogeneity (unadjusted analysis:
Cochran’s (= 23.27, p = 0.002, 7 = 66%:
adjusted analysis: Cochran’s ¢ = 12.92,
p=0.12, 77 = 38%).

Was -

Sty PFOA increase PFOA range (ng/mi) Covariates

Apelbery et al. 201 It ng/mb ga

Apelbery et al. 201 It ng/mb g2, ma, bmi, race, par, stak, sex, ht, wig, dis, hyp
Apelbery & 25th to 75th percentile ga

Apelbery {t; g2, ma, bmi, race, par, stak, sex, ht, wig, dis, hyp
Apelberg et al 2007 ga. ma

Cher et al. 2012
Cher et al. 2012

comearnistdey) = 1.84(2.25)
comearnistdey) = 1.84(2.25)

2. ma, bmi, par, cot, sex, edu, deimods
.ma

€

@

Fei etal 2007 CLLGD -4 g2, ma, bmi, par,

Fei etal 2007 < LLO0 - g2, ma, bmi, par,

Fromme st al. 2010 054420 None

Hamm et 3l 201C < L0018 2, ma, race, grav, ms L ik, sex

It ng/mb
g
tstio 2nd tertile {ng/mb)

00-18
00-< 1101021

@

. ma, race, grav, m
. ma, race, grav, m

@

€ @@ « @

Tstio 3rd tert g/mb) < i00~-< 11102118 2, ma, race, grav, my L arnk, sex
04-3.23 ge.
L2012 Tstio 2nd tertile 3103144 ge. sk
L2012 Tstio 3rd tertile <31m>44 ge. sk
. 2012 1.0-164 ge. sk
Nolan et al. 2008 Low to mid exposure NA ge. , rmd, race, sex, SES
Nolan et al. 2008 Low to high exposure NA ge. , rmd, race, sex, SES
Savitz et al. 20120, study il 25t 1o 75th 10R {in PFOA) ga, ma, par,
Savitz et al. 20120, study i g2, ma, par,
Savitz et al. 20120, study i g&.ma, par,
z etal 20120, study i E 3.9-< 8910 19.6-53.1 g&.ma, par,
Savitz et al. 20120, study i fstf2nd qui 1o 5th quintile 3.9-<851c 53.1-1897.0 g&.ma, par,
Washinc et al. 2008 log1GPFOA ND-53 gz
Washinc et al. 2008 log1GPFOA ND-53 g2, ma, bimi, race, par, stak, s8x, edy, bsp
Washinc et al. 2008 T ND-53 M3, ga
Whitwworth et al. 2012 T medign {0R) = 2. g2, ma, bmi, par
Whitworth et al. 2012 fstto 2nd quartile < 16510 1.65-2.24 g2, ma, bmi, par
Whitworth et al. 2012 istto 3rd quartiie 6510 2.25-3.08 g2, ma, bmi, par
Whitwworth et al. 2012 Tstto 4th quartile G5t > 3,03 g2, ma, bmi, par

[ @ Estimate &0 Estimat:

B P Estimate that can bet 0 evaluate dose responss

-100 0 100 200 30C 400

Change in birth weight (g}

Figure 4. Summary of data extracted from all studies of PFOA exposure that inciuded continuous outcome of birth weight The PFOA increase is the exposure
contrast being compared in each study. Squares represant data for which there was an exposure gradient that can be evaluated in considering dose responsa
in upgrading the guality of the evidence. Error bars indicate 5% Cls. Savitz et al. {2012b) presented additional alternative estimates based on different modeling
assumptions that are not included here due to space limitations. Covariate abbreviations: bmi, body mass index; bsp, blood sampling pariocd; cot, serum cotinine;
delmode, delivery mode; dia, diabetes; edu, maternal education level; exposyr, year of exposure estimate; ga, gestational age; gabd, gestational age at biood
draw; geomeanisiday), geomatric mean {geometric SUY; grav, gravidity, ma, maternal age; ht, matarnal height hyp, hypertension; mwt, maternal prepregnancy
weight; NA, not applicable: NI, not detected; par, parity; PFOS, serum perfluorooctane sulfonic acid; SES, socioeconomic status; sex, infant sex; smk, smoking
siatus; state, state of residence; wig, maternal weight gain during pregnancy. This figure was craated using Meta Data Viewer {htip//nip.nighs.nih.gov/haip/

trowsers/metadata/index himi} {Boyles et al. 2011},
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Quality of the body of widﬁm We did
not downgrade or upgrade the rating of
the human evidence on any of the criteria,
resuitmg in an owmﬂ quality nf the humar
evidence rating of ° {Table 6)
Thc;c were not enough studies to utihzn a
funnel plot dndl‘,’%i‘? to assess publication bias.
FHowever, we did not find any suggestion of
publication bias according o the considera-
tions we assessed, that is, we conducted a
comprehensive literature search and found
studies of variable sizes and funding sources
with generally consistent findings.

Strength of the body of evidence rating.
Ousr strengeh of the evidence considerations
were as follows:

Quality of body of evidence: moderate
Direction of effect estimate: des:reasing birth
weight with increasing exposure to PFOA
Confidence in effect estimare: unlikdy thae
a new study would have an effect estimate
that would make the results of the meta-
analysis null or statisticaﬂy insigniﬁc&nt
Other compelling ateributes of the data thac
may influence certainty: none.

We compared these considerations to the
definitions in Table 3 and concluded that there
was “sufficient” human evidence that exposure
to PFOA affects fetal growth in humans.

mooeratf:

®

@

®

®

Discussion

Based on this first appiication of the
Navigation Guide systematic review metho-
dology, we concluded that there was suffi-
cient evidence of an association between
PFOA exposure and reduced fetal growth.
Cur conclusion that the human data were
sufficient was based on “moderate” quality
evidence, a meta-analysis estimating a decre-
ment in birth weight in relation to PYOA
exposure in which we judged that the confi-
dence bounds were narrow, and our confi-
dence that a new study would be unlikely to
have an effect estimate that would change the
overall effect estimate of the meta-analysis.
The smaller meta-analyses of other fetal
growth measures were also consistent in the
direction of the effect estimate.

The existence of unmeasured confounders
will always be possible with observational
studies, but we decided to not let this under-
mine our abiliry to make a statement about
the available data. Additional information
that mayv arise can and should inform furare
We felt that we could rule our
confounding “with reasonable confidence”
{(Table 3, definition of “Sufficient evidence
of toxicity”) based on our assessment of the
available data. We did not find any evidence
suggesting substantial residual confounding.
To get an idea of how residual confounding
may influence the effect estimate of the
association berween PFOA exposure and
birth weight, we conducted a meta-analysis

conclusions.

Environmental Health Perspectives - vorums 122 [ numser 101 October 2014

Systematic revie

using unadjusted estimates. Although the
unadjusted meta-analysis had a larger effect
estimate (i.e., adjusting for confounders
attenuated the estimate), the Cls were wider
and there was substantial heterogeneity
among the unadjusted studies. As in the
Bradford Hill considerations for causation,
the GRADE approach considers consistency
in effect estimates when evaluating confidence
in the association and rating the quality of
evidence (Schunemann et al. 2011). Because

¢/ of PFOA and human fetal growth

after adjustment, we considered it more
likely that the adjusted estimate was closer
to the true association. If adjustment resulted
in more heterogeneity, we would have been
more concerned with potential residual
confounding. Although this analysis does
not prove that residual confounding does
not exist, it did not uncover any evidence of
vnmeasured confounders, and we considered
this as support for our interpretation that
substantial effects of residual confoundin

C}‘u‘f 6{{66{' estimates were more homogerzeeus are L‘sﬁiik@ly‘

Apelberyg et ai, 2007 ~04.0{-125.2, -2.712.9%

|
E:] ~10.6 (-

~124{-328,8001

Fei et al, 2007 20.8,-0.5) 27.5%

Hamm et

oo vaoc

Washino et ai. 2009 -2251{-508, 136} 6.7%

Fromme et al,

~2130{-4237,-2.210.3%

Kim S et ai. 2011 i {0 156.1(-835,391.7)0.2%
Whitworth et 21, 2012 ;.. -2841-603, 35} 8.9%
]
Maisonet et ai. 2012 ‘:] -3421-548,~135} 15.8%
I
Chen et i, 2012 H-— J -112{-26,37) 21.7%
-
Overall effect ’ -18.9{-29.8, ~7.9) 100%
-400 -700 i 200 100
Effect size (g}

Figure 5. Hasults of meta-analysis for birth weight {# = 9 studies, 4,149 births) shown as effect estimates
{change in birth weight in grams per nanogram of PFOA per millititer of serum or plasma {95% Cls}]. The
percentages are weightings of the individual studies in the meta-analysis according to the inverse of
the varianca, and the sizaes of the boxes are scaled accordingly. The dashed line indicates the overall
effect estimate derived from the DerSimonian-Laird random effects meta-analysis, and the diamond
indicates the 85% €l of the overall effect estimate. Heterogeneily siatistics: Cochran's 8= 1282, p=0.12;
2 = 38%. Estimates were adjusted as follows: Apelberg et al. (2007): maternal age and gestational age;
Fei et al. {2007} maternal age, gestational age, quadratic gastational ags, infant sex, socis-occupational
status, parity, smoking, prepregnancy body mass index, and gesiational week at blood draw; Hamm et al.
{2010): maternal age, gestational aga, race, gravidily, maternal prepraegnancy weight, maternal height,
smoking status, and infant sex; Washino et al. {2009} maternal age and gestational age; Fromme et al.
{2010): unadjusted; Kim $ et al. {2011}: maternal age, gestational ags, and parily; Whitworth at al. {2012}
maternal age, gestational age, prepregnancy body mass index, and parily; Maisonet et al. (2012): smoking,
prapregnancy body mass index, previous live birth, and gestational age; Chen at al. {2012} maternal age
and gestational age.

Table 5. Summary of meta-analyses for associations of fetal growth measures with serum or plasma PFOA.

No. of pValue Tor
Fetal growth measure studies ] Cochran's @ {
g -18.9(-29.8,-79) 12.92 38
100 —15.4 (-28.5,-4.3] 31 72
5¢ 2853 ~{3.06 {-0.08, -0.02) 303 g
Ponderal mdmxj 46 1,510 ~0.01(-0.03,0.01) 8.03 63
Head circumferance {om) 4 7,497 —(.03(-0.08,0.01) 405 76

individual study estimates for outcomaes other than birth weight are provided in Supplemental Material, Tables 822-824,
n et gl {2012}, Fei at al. {2007, Fromime et al.
(_20()9), and W

fata-analysis {n = 9 birth weight studies) includes Apeibearg et al. {2007), C

tal. (2010}, Kim S et al. {2011}, Maiscnet et al. (2012}, Washing st g
3is: Meta-analysis (o = 10 birth weight studies} | 12 8t

walysis plus an additional estima fram Savitz et al. (i

for length incluges Apsi , Fei P al, { . Ma

{2009}, Ponderal index equals b fied by 100, "l\/eta analysis for

includes Apelberg et al. (2007), Chen et ¢ (d)m ’\Aaisunat et al. (2012}, and Washing ot al. (2009) ’i\/lata -analysis for !*eari

circumference includes Apelberg st al. {2007}, Fei et al. {2008}, Chen et al (2012), end Washino et al. {2009

..IJor‘h et al l’”C12).
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We also considered alternartive hypotheses
for the relationship between PFOA exposure
and birth ‘Wt;‘ight. For instance, an author
of one of the studies included in our meta-
analysis proposed that the pharmacokinetics
of PFOA during pregnancy may influence the
relationship between PFOA body burdens and
fetal growth such that associations may be due
to reverse causality (Whitworth et al. 2012).
That is, mothers of lower-birth-weight babies
might experience less plasma volume expan-
sion and therefore reduced clearance of PFOA
through gic;m{:ruiar fileration. To investigate
the p]ausibility of an alternate hypothesis of
reverse causation, we searched for evidence

on the relationship between feral growth and
g]omc‘m]ar filtration rate, inc},uding relation-
ships within the hypothesized causal pathway
(i.e., between fetal growth and plasma volume
expansion, and between plasma volume expan-
sion and glomerular filtracion race) (for a Hst
of studies that we systematically reviewed,
see the Supplemental Material of Lam et al.
2014). Overall we found limited and incon-
sistent data that were inadequate to draw
conclusions on the association between fetal
growth and glomerular fileration rate. Thus,
although we did not find evidence to suggest
that the observed association between PFOA
exposure and fetal growth can be explained,

Tabie 8. Summary of findings, guality of evidence, and strength of evidence for PFOA and fetal growth.®

Ratl

G
Indirectness {
sistency g
Imprecision g
Publication hias g
Upgrade
Large magnitude of effect g We
Dase response g be
sunding minimizes effect g
iFquality of evic Moderate
ing is “moderale
ummary of findings from NA
meta-analysis
Summary of g NA

| erations
j of budy of e

Other compel NA None
data that may

Overail strengah of evidence

NA Moderate
NA Birth weight decreased wit
NA ILis unlikely that a new study would have ¢

would make 1

the body of available

the Wﬂta~a“al'\

of ali four my eta
.'cwih measures are consisient

HGI‘/S!:: or hirth waight is

The search
were generally consistent
size or funding source,

a! exp
p, but r°"|ew authur

Wwere no upgrades of
ity from the initial rating)

increasing exposure to PFOA,
ffect ate

& rasults of the meta-ana

'Hc ed stle1F~~ an’i we
angly affected by
1 Tabie 3.

NA, not applicable.

2See the Supplemental Materi
downgrading and upgrading gu
downgrades for each factor being av

gted ac
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{2014) for additicnal details of ratir
Table 2. fA Q"
ross the body of evidence.

g guality and strength. #Criteria for
guality rating indicates there were no upgrades or
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wholly or partially, by reverse causality, we
cannot disprove this hypothesis. Nevertheless,
we decided at this time there was no compel-
ling evidence of reverse causation to justify
altering our conclusions about the strength
of the evidence. As others have pointed out
{Savitz 2007), futare studies should attempt
to better separate biological determinants of
body burdens and birth weight from a causal
effect. In addition, experimental animal
studies, in which dosing prior to outcome
assessment precludes reverse causality, support
our conclusions about the human data. On
the basis of cur companion review app},ying
the Navigation Guide systematic review
methodology to the nonhuman evidence, we
concluded that there is sufficient evidence that
fetal developmental exposure to PFOA reduces

BYs)

fetal growth in animals (Koustas et al. 2014).

We also considered that scudies of the
population that was highly exposed to
PFOA throogh groundwater contamination
found little evidence of an association with
low birth weight (Nolan et al. 2009; Savig
et al, 2012a, 2012h; Stein et al. 2009) and on
the continuous scale of birth weight (Savitz
et al. 2012b). However, these studies differed
from the studies included in our main meta-
analysis with respect to exposure estimation as
described in the risk of bias assessment; that
is, these studies estimated exposure based on
residence {ecological exposure), retrospective
modeling of several parameters, or maternal
posmaml exposure, and these studies primarily
of low birth weight (< 2,500 g}
rather than a change in birth welght on a
continuous scale. We did not conduct a meta-
analysis with odds ratios for low birth weight
because so few studies (three populations)
provided this measure and because a contin-
uous change in birth weight provides more
information than dichotomized birth weight.
We did, however, conduct a mcu-analysls
inclu"iing an effect estimate from one of the
ies that retrospectively modeled exposure
(Savitz et al. 2012b) and found minimal
change in the results (Table 3): these results
did not change our condlusions.

Although the magnitude of the effect
of PFOA on fetal growth may not be
considered large at the individual or clinical
level, it is important to consider implicarimns
at the popu]ation fevel. A re?ativeiy modest
and subclinical effece size may be associated
with substantial population burden if the
exposure is prevalent (Bellinger 2012). From
the meta-analysis we found an overall estimate
of ~18.9 (95% CL: -29.8, -7.9) g birth
weight/ng/ml. increase in serum or plasma
PFOA (Figure 5). In the National Health and
Nutrition E‘('imin'ition Survey 200 3-20 04
there was a
PFOA br:twecn tha TJOth and 9’}tL pc;cen-
tiles of pregnant women (Woodruff et al.

exami 1’)6‘.‘ ]

st

estimate
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2011b}. This 3.0- ng/mL change, muitlphed
l‘xV the mcta—lmlvsjc result of ~18.9 g, ng/ fml
PFOA, vields a 56.7-g change in birth weight
across these percentilﬁs. To give a public
health context to interpret this change in birth
wr:ight ona pc;pulatic;n fevel, we used 2010
U.S. National Vital Stadstics birth weight data
from the MNational Center for Health Staristics
(NCHS) (Martin et al. 2012). The NCHS
birth weight data are grouped into 500-g
bins, We assumed that the data follow a skew
#-distribution {Azzalini and Capitanio 2003),
aﬂowing us to fit a continuous distribution to
the grouped data and producing a better fit to
the dara than assuming a normal distribution.
Using the fitted distribution, the proportion of
babies weighing < 2,500 g (low birth weight)
was 8.6%. We estimated a 56.7-g increase
in birth weight associated with a reduction
in serum PPFOA from the 95th to the 50th
percentile. If the average birth weight in 2010
were increased by 56.7 g. the proportion of
babies < 2,500 g would theoretically fall to
7.6% {93% CL: 7.0-8.2%]), a reduction in the
proportion of low birth weight babies in the
1S, of about 1%, or 40,000 babies in a vear.
However, because the population median of
serum PFQOA may be only about 3 ng/ml, this
estimated bcneﬁ( of reducing PFOA exposure
and increasing birth weight may not be attrib-
uted equally across the population. Individoals
with already low levels of PFOA {i.e., below
the median} may not benefir, and indivi
with the highest levels would benefit the most.
Our conclusion that there was suffi-
cient evidence that developmental exposure
to PFOA was associated with reduced fetal
growth differed from the findings of an
expert panel appointed to review the human
health effects of PFOA (C8 Science Panel
2011). The panel concluded that PFOA
was prc;babiy not linked to low birth W(—:ight
and that the evidence of small reductions in
average birth weight in reladion to PFOA
exposure was inconsistent. Our review
oceurred at a later date and therefore included
more recent publications. These later publica-
tions (Chen er al. 2012; Maisonet et al. 2012;
Whitworth et al. 2012) were included in our
meta-analysis, showing consistent results and
an overall reduction in birth weight associated
with PFOA exposure. Our protocol specified
contacting authors as a means to obtaining
additional data or data on a scale that could
be combined in a meta-analysis, and this
contact proved essential in including many
of the studies in the meta-analysis (Apelberg
et al. 2007; Chen et al. 2012; Fromune et al.
2010; Kim S et al. 2011; Maisonet et al.
2012; Washino et al. 2009). In addition, by
contacting authors of one of the included
studies (Wang et al. 2011}, we were alerted
to an additional study on the same cohort
under review at the time (Chen et al. 2012}

duals

Systematic revie

and were able to include that study in the
meta-analysis.

The meta-analysis provided a guantita-
tive summary of the studies, combining
and weighting studies to integrate infor-
mation across multipie studies, and effec-
tive?y increasing the power to detect an
association among a group of studies that
might otherwise appear to have disparate

findings. Although there was a high level of

consistency in the direction of the estimated
effects except for one very small study in the
meta-analysis (Kim S et al. 2011}, a statisti-
caﬂy 31gmhcant inverse association between
PFOA exposure and fetal growth was not
detected in several individual studies, (Chen
et al. 2012; Hamm et al. 2016 Washino et al.
2009; Whirworth et al. 2012).

The objective of our search was to be as
s:mnprehensive and inclusive of relevant
research as possible. Qur search identified
3,023 records, which were narrowed down
to 17 during the title/abstract or full-text
screening steps. Although our search retrieved
many references that were irrelevant to our
study question, because we apphied prespecified
exclusion criteria, screening the references was
efficient. The average time to screen an abstract

was 12 sec, and we excluded the majority of

irrelevant references in < 10 hr. The process
from search to rating the quality and strength
of the human evidence was about 9 months.

A limiration to this review, and to all
reviews in general, is that reviews are based
on the available data, which may be insuffi-
cient in depth or breadth or may be otherwise
limited. Future reviews could be strengthened
if more investigators followed standardized
reporting criteria such as the Strengthening
the Reporting of Observational Studies
in Epidemiology (STROBE} gmoelmcs
{von Elm et al. 2()%’.‘8;, enabling improved
quality assessment. In addition, we found
that contacting study authors was essential
to obtaining the data necessary to include
some of the studies in the meta-analysis. Not
all study authors were able to provide data
that could be included in the meta-analysis.
Future efforts in meta-analysis could also be
supported by data repositories.

Our risk of bias tool also had limira-
tions. Although there is existing guidance
for assessing risk of bias of human obser-
vational studies (Viswanathan et al. 2012:
Wells 2014), there is no universally accepted
tool {Sanderson et al. 2007).
bias domains “exposure assessment” and
“confounding” were less developed than other
domains that were transferred more directly
from established evidence-based risk of bias
tools, Addi[ic;naﬂy, in future reviews, we
will consider the assessment of outcome as
a separate risk of bias domain. For this case
smdy, potﬁntia}, bias rc‘su]ring from outcome

Environmental Health Perspectives - vorums 122 [ numser 101 October 2014
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misclassification fell under “other” risk of
bias and was not a prob]ematif risk because
the outc pmes were stand lard birth measure-
ments that did not vary across study groups.

However, it is possl’b]e that in future cases of
other outcomes more attention will need to
be given to potential bias in the assessment of
those cutcomes.

Because we were simultanecusly devel-
oping and applying the Navt;lauor‘ Guide
method, a Hmiration of this review is that we
did not anticipate and define @ priors all the
benchmarks we ultimately used for rating the
quality and the strength of the evidence, such
as our analysis of what a new study would have
to find in order to change our confidence in
the effect estimate and direction of the meta-
analysis, In assessing quality and str(—:ngth
according to factors and considerations that
had not been prespecified, we conducted
further analysis and abided by GRADE’s
principle to be conservative in chanémé the
rating of the body of evidence up or down
{Balshem et al. 2011}, It may be impossible to
anticipate all instances for which a juégmem
or decision must be made in the conduct of
a systematic review; therefore, the principles
we used for addressing these instances will be
integrated into future pmtocols. A protocoL
a set of instructions, and definitions does not,
however, take the place of expert judgment.
The strength of systematic review methods is
that, as new studies become available, 2 conclu-
sion can be systemadically and transparendy
reevaluated. Finally, the components of the
Navigation Guide methodol ogy that were not
taken from empirically supported preexisting
methods need validation in future cases,

Conclusion

On the basis of our evaluation and the
Navigation Guide criteria, we concluded
that there is sufficient evidence of an asso-
ciation between PFOA exposure and reduced
feral growth. There may be remaining
uncertainty. However, we investigated residual
confounding and evidence for reverse causality
via reduced renal clearance, and despite the
cross-sectional nature of the human evidence,
our judgment was that chance, bias, and
confounding could be ruled out with reason-
able confidence. The proof-of-concept case
study demonstrates the use of the Navigation
Guide to efficiently apply the rigor and trans-
parency of systematic review methodology to
environmental health questions. The method
does not take the place of expert judgment,
but it requires transparency in the rationale
exercised by the experts. Purther refinement
and proof-of-concept applications of the
Navigation Guide medwdolc;g}' will continue,
with the ultimate goa}, of supporting rime},y
evidence-based recommendations
prevention of harm to public health.

for the
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Table S1. Search terms used in systematic literature search.

Search PubMed

#1 Substance terms 335-67-1 [m] OR perfluorooctanoic acid [nm] OR (perfluorooctanoic acid [tiab] OR pertluorcoctanoic acids [tiab]) OR
(perfluoroctanoic acid [tiab] OR perfluoroctanoic acids [tiab]) OR (perfluoro-n-octanoic acid [tiab] OR
perfluoro-n-octanoic acids [tiab]) OR (pentadecafluorooctanoic acid [tiab] OR pentadecafluorcoctanoic acids [tiab]) OR
APFO [tiab] OR (perfluorinated [tiab] AND octanoic acid [tiab]) OR (perfluorinated [tiab] AND octanoic acids [tiab]) OR
(perfluorooctanoate [tiab] OR perfluorooctanoates [tiab]) OR perfluorooctanoyl chloride [tiab] OR PFOA [tiab] OR
(fluorinated telomer alcohol [tiab] OR fluorinated telomer alcohols [tiab]) OR (fluoro-telomer alcohol [tiab] OR
fluoro-telomer alcohols [tiab]) OR (fluorocarbon emulsion [tiab] OR fluorocarbon emulsions [tiab]) OR (perfluorocarbon
[tiab] OR perfluorocarbons [tiab]) OR (fluorocarbon polymer [tiab] OR fluorocarbon polymers [tiab]) OR (fluorinated
polymer [tiab] OR fluorinated polymers [tiab]) OR octanoic acids [mh] OR (octanoic acid [tiab] OR octanoic acids [tiab])
OR caprylates [mh] OR (caprylate [tiab] OR caprylates [tiab]) OR (polyfluoroalkyl [tiab] OR polyfluoroalkyls [tiab] OR
polvfluorocalkylated [tiab]) OR PFAA [tiab] OR (perfluoroalkyl chemical [tiab] OR perfluoroalkyl chemicals [tiab]) OR (c8
[tiab] AND perfluorinated [tiab]) OR (fluoropolymer [tiab] OR flueropolymers [tiab] OR fluoropolymeric [tiab]) OR
(fluorosurfactant [tiab] OR fluorosurfactants [tiab]) OR (perfluorochemical [tiab] OR pertluorochemicals {tiab]) OR PFCs
[tiab] OR (perfluorcalkyl carboxylate [tiab] OR perfluoroalkyl carboxylates [tiab]) OR (perfluorocarboxylate [tiab] OR
perfluorocarboxylates [tiab]) OR PFCA [tiab] OR (pertluorinated carboxylic acid [tiab] OR perfluorinated carboxylic acids
[tiab]) OR FC 143 [tiab] OR (pentadecafluorooctanoate [tiab] OR pentadecafluorooctanoates [tiab])

#2 Reproductive/developmental developmental biology [mh] OR developmental biology [tiab] OR embryonic and fetal development [mh] OR (embryonic
toxicity terms [tiab] OR embryonically [tiab]) OR fetal development [tiab] OR growth and development [mh] OR growth and
development [subheading] OR development [tiab] OR developmental [tiab] OR developmentally [tiab] OR embryology
[mh] OR embryology [tiab] OR ecotoxicology [mh] OR ecotoxicology [tiab] OR ecology [mh] OR ecology [tiab] OR
ecological [tiab] OR ecologically [tiab] OR toxicology [mh] OR (toxicology [tiab] OR toxicological [tiab] OR
toxicologically [tiab]) OR toxicogenetics [mh] OR (toxicogenetic [tiab] OR toxicogenetics [tiab]) OR growth [mh] OR
growth [tiab] OR environment and public health [mh] OR environment and public health [tiab] OR body weight [mh] OR
(weight [tiab] OR weights [tiab] OR weighed [tiab]) OR birthweight [tiab] OR infant, low birth weight [mh] OR embryo
loss [mh] OR (embryo loss [tiab] OR embryo losses [tiab]) OR gestational age [mh] OR (gestational age [tiab] OR
gestational ages [tiab]) OR endocrine disruptors [mh] OR (endocrine disruptor [tiab] OR endocrine disruptors [tiab] OR
endocrine disruption [tiab]) OR reproduction [mh] OR reproduction [tiab] OR toxicity [subheading] OR toxicity [tiab] OR
(toxic [tiab] OR toxics [tiab])

#3 Human study terms #1 AND #2 NOT (animals[mh] NOT humans|mh])

ED_002330_00119049-00015



Search

PubMed

#1 Substance terms

'perfluorooctanocic acid' OR 'perfluoro n octanoic acid' OR 'pentadecafluorooctanoic acid' OR apfo OR 'perfluorinated
octanoic acid' OR perfluorooctancate OR '"perfluorcoctanoyl chloride' OR pfoa OR 'flucrinated telomer alcohol' OR
"fluorinated telomer alcohols' OR 'fluoro telomer alcohol' OR 'fluoro telomer alcohols' OR 'fluorocarbon emulsion’ OR
perfluorocarbon® OR 'flucrocarbon polymer' OR 'fluorocarbon polymers' OR 'fluorinated polymer' OR 'fluorinated
polymers' OR polytluoroalkyl* OR pfaa OR 'perfluoroalkyl chemical' OR 'perfluoroalkyl chemicals' OR ¢8 OR
perfluorochemical* OR pfes OR 'perfluoroalkyl carboxylate' OR perfluorocarboxylate OR pfca OR 'perfluorinated
carboxylic acid' OR pentadecafluorooctanoate

#2 Reproductive/developmental
toxicity terms

‘developmental biology' OR 'embryonic fetal development’ OR embryonic* OR 'fetal development’ OR 'growth and
development' OR development* OR embryology OR ecotoxicology OR ecolog® OR toxic* OR toxicol* OR
toxicogenetic* OR growth OR 'environment and public health' OR 'body weight' OR 'body weights' OR 'birth weight' OR
'birth weights' OR birthweight* OR 'infant, low birth weight' OR 'embryo loss' OR 'embryo losses' OR 'gestational age' OR
'gestational ages' OR 'endocrine disruption' OR 'endocrine disrupting' OR reproduction

#3 Human study terms

epidemio* OR cohort OR participant* OR questionnaire

#4

#1 AND #2 AND #3

#1 Substance terms

TS=(perfluorooctancic acid* OR perfluoro-n-octanoic acid* OR pentadecafluorooctanoic acid* OR APFO OR
perfluorinated and octanoic acid* OR perfluorooctanoate® OR perfluorooctanoyl chloride OR PFOA OR fluorinated
telomer alcohol* OR fluoro-telomer alcohol®* OR fluorocarbon emulsion® OR perfluorocarbon® OR tluorocarbon
polymer* OR fluorinated polymer* OR octanoic acid* OR caprylate* OR polyfluorcalkyl* OR PFAA OR perfluoroalkyl
chemical* OR ¢8 and perfluorinated OR fluoropolymer* OR fluorosurfactant* OR perfluorochemical* OR PFCs OR
perfluoroalkyl carboxylate* OR perfluorocarboxylate* OR PFCA OR perfluorinated carboxylic acid* OR
pentadecafluorooctanoate™®)

#2 Reproductive/developmental
toxicity terms

TS=(developmental biclogy OR embryonic and fetal development OR embryonic* OR fetal development OR growth and
development OR development* OR embryology OR ecotoxicology OR ecolog* OR toxic* OR toxicol* OR toxicogenetic*
OR growth OR environment and public health OR body weight* OR birth weight* OR birthweight* OR infant, low birth
weight OR embryo loss* OR gestational age* OR endocrine disrupt* OR reproduction)

#3 Human study terms

(TS=epidemio* OR TS=cohort OR TS=population* OR TS=participant* OR TS=exposure* OR TS= questionnaire OR
SO=epidemio*)

#4

#1 AND #2 AND #3 NOT SO=polymer *
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Table S2. Search results from systematic literature search (main databases using search terms in Table S1 and additional websites).

Source” No. records
retrieved”
PubMed 2,268
Embase 457
Web of Science 545
ATSDR Toxicological Profiles http://www.atsdr.cdc.gov/toxpro2. html 1
CalEPA Office of Environmental Health Hazard Assessment htip://www.oehha.ca.gov/risk html 135
Chem ID hitp://chem.sis.nlm.nih.gov/chemidplus/ 1
Chemfinder http://www.chemspider.com 8
Chemical Carcinogenesis Research Information System http://www. nlm. nih.gov/pubs/factsheets/cerisfs himl 2
DART http://toxnet. nlm nih.gov/cgi-bin/sis/htmlgen?’DARTETIC 11
EPA IRIS internet http://www.epa.zov/iris 3
EPA NSCEP http://www.epa.gov/ncepthom/ 301
EPA Science Inventory http://cfpub.epa.gov/si/index.cfm 344
EPA Substance Registry System http://www.epa.gov/srs/ 8
European Chemicals Agency http://echa.europa.eu/home en.asp 6
Hazardous Substances Data Bank htip://toxnet nlm.nih.gov/cei-bin/sis/htmlgen?HSDB 2
TARC http://monographs.iarc fr/htdig/search. html 2
[PCS INCHEM http://www.inchem.org/ 1
ITER hitp://iter.ctenet.net/publicurl/pub search list.cfm 1
NIOSHTIC 2 http://www2.cdc.gov/nioshtic 2/Nioshtic2 htm 13
US National Toxicology Program http://ntpserver.niehs.nih.gov/main pages/NTP ALL STDY PG html 59
TERA http://www.tera.org/ 18
WHO assessments htip://www.who.int/ipcs/assessment/en/ 17
Toxline hitp://toxnet.nlm.nih.gov/cai-bin/sis/htmlegen? TOXLINE 166
USEPA Health and Environmental Studies Online http:/herc.epa.gov 127
TSCA Test Submissions http://www.ntis. gov/products/ots.aspx 136
EPA Docket http://www.regulations.gov/ 41

“Table presents databases for which search results were returned; databases that did not return search results follow: ATSDR

Interaction Profiles http://www.atsdr.cdc.gov/interactionprofiles/; EPA Acute Exposure Guideline Levels
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http://www.epa.gov/oppt/aegl/chemlist.htm; EPA IRIS edocket and official records; GENETOX http://toxnet.nlm.nih. gov/cgi-

bin/sis/htmlgen? GENETOX; Health Canada First Priority List Assessments http://www hecsc.gc.ca’hecs sesc/exsd/psl1.htm; Health

Canada Second Priority List Assessments http://www.hcsc.ge.ca/hecs sesc/exsd/psl2.htm; ILST http://www.ilsi.org/. "PubMed, Web of

Science and Embase searches were performed on April 30, May 7 and May 11, 2012, respectively; all remaining database searches

were performed April 23-27, 2012.
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Table S3. Characteristics of Apelberg et al. 2007.

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Low risk Knowledge of the exposure groups was adequately prevented during the study.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description
of QA/QC.

Incomplete outcome data | Low risk The study did not have incomplete outcome data.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Probably low risk Authors were unable to collect cord blood for 42 of 341 participants because
infants were lower gestational age and birth weight; and therefore, were not
included in analysis.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear
to be from government and/or academia only.

e Design: Cross-sectional study

e Participants: Singleton deliveries in Baltimore, MD between November 2004 and March 2005 (Baltimore THREE study).
e Exposure: PFOA concentrations in cord blood (continuous). n=293.

e OQOutcomes: Birth weight (continuous; beta statistic), head circumference, length, ponderal index.

* Notes: Received beta estimates on untransformed PFOA scale from study author (Goldman 2012).
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Table S4. Characteristics of Arbuckle et al. 2012.

Bias Rating Support for judgment

Recruitment Probably low risk | The study lacks description of recruitment methods such as number of individuals
approached, but otherwise no reason to suspect there were substantial differences
between comparison groups other than PFOA exposure.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exXposure groups.

Confounding High risk The authors did not adjust for gestational age or maternal age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description of
QA/QC.

Incomplete outcome data | Low risk Incomplete outcome data were adequately addressed.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Probably low risk | Associated funds and persons appear to be from government and/or academia only
and free of financial interests in study results. However, no claim denying conflicts of
interest was made.

* Design: Cross-sectional study

* Participants: Women at Ottawa Hospital during 2005-2008. Majority were scheduled for cesarean schedule.
* Exposure: PFOA concentrations in cord blood (continuous). n=126.

e QOutcomes: Birth weight (dichotomous; beta statistic).

e Notes: Birth weight was a covariate in model of In(PFOA)
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Table S5. Characteristics of Chen et al. 2012.

Bias Rating Support for judgment

Recruitment Low risk | The strategy for recruiting participants was consistent across study groups.

Blinding Low risk | Knowledge of the exposure groups was adequately prevented during the study.

Confounding Low risk | The authors accounted for both maternal age and gestational age in their analysis.

Exposure assessment Low risk | The exposure assessment methods were robust and included a detailed description of QA/QC.

Incomplete outcome data | Low risk | Incomplete outcome data were adequately addressed.

Selective reporting Low risk | The study is free of suggestion of selective outcome reporting. All of the study’s specified
outcomes were adequately reported.

Other bias Low risk | No other potential biases are suspected.

Conflict of interest Low risk | The authors report no conflict of interest, and associated funds and persons appear to be from

government and/or academia only.

* Design: Cross-sectional study.

e Participants: Non-smoking mothers in Taipei between April 2004 and January 2005. The subjects were from the Taiwan Birth

Panel Study.

* Exposure: PFOA concentrations in cord blood (continuous). n=429.

* QOutcomes: Birth weight (continuous; beta statistic, odds ratio), birth length, head circumference, ponderal index, small for

gestational age.

* Notes: Study was included after contacting authors of a paper that was identified during the systematic search (Wang et al. 2011).

The two papers are written on the same cohort, but the Chen et al paper has fetal growth measurements as outcomes of the

analyses (under peer review at time of search).
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Table S6. Characteristics of Fei et al. 2008.

Bias Rating Support for judgment

Recruitment Probably low risk | Study lacks complete description of recruitment methods, but otherwise no reason
to suspect there were substantial differences between comparison groups other than
PFOA exposure.

Blinding Low risk Knowledge of the exposure groups were adequately prevented during the study.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment Probably low risk | Incomplete description of the quality assurance and control aspects of the exposure

measurements as outlined in the protocol, but otherwise no problems relating to
exposure misclassification were detected.

Incomplete outcome data | Low risk Incomplete outcome data were adequately addressed.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest High risk 3M, a manufacturer of PFOA, provided funding for the study and conducted

laboratory analysis

e Design: Cross-sectional study.

e Participants: Randomly selected group of singleton births from Danish National Birth Cohort between 1996 and 2002.
» Exposure: PFOA concentrations in maternal plasma collected in the 1* trimester (Continuous and quartile). n=1399.

* Qutcomes: Birth length, head circumference, abdominal circumference.

* Notes: Ponderal index was also analyzed but only presented as stratified by certain covariates.

10
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Table S7. Characteristics of Fei et al. 2007.

Bias Rating Support for judgment

Recruitment Probably low risk | Study lacks description of recruitment methods, but otherwise no reason to suspect
there were substantial differences between comparison groups other than PFOA
exposure.

Blinding Low risk Knowledge of the exposure groups were adequately prevented during the study.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment Probably low risk | Incomplete description of the quality assurance and control aspects of the exposure

measurements as outlined in the protocol, but otherwise no problems relating to
exposure misclassification were detected.

Incomplete outcome data | Low risk Incomplete outcome data were adequately addressed.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest High risk 3M, a manufacturer of PFOA, provided funding for the study and conducted

laboratory analysis.

e Design: Cross-sectional study.

e Participants: Randomly selected group of singleton births from Danish National Birth Cohort between March 1996 and November
2002.

» Exposure: PFOA concentrations in maternal plasma collected in the 1™ trimester (Continuous and quartile). n=1387.

* Qutcomes: Birth weight (continuous and dichotomous; beta statistic, difference in means, odds ratio).

11
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Table S8. Characteristics of Fromme et al. 2010,

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exposure groups.

Confounding High risk Gestational age was not measured in the study.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description
of QA/QC.

Incomplete outcome data | Low risk The number participants reported in the paper is larger than the n provided as raw
data, but the discrepancy was explained in correspondence with the author.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Probably low risk | Associated funds and persons appear to be from government and/or academia only
and free of financial interests in study results. However, no claim denying conflicts
of interest was made.

e Design: Cross-sectional study.

e Participants: Mothers in Munich, Germany participating in a birthing class between December 2007 and October 2009.

e Exposure: PFOA concentrations in maternal serum drawn between 24-37 weeks gestation (n = 44) and at delivery (n = 38). Also,
PFOA concentrations in cord blood at delivery (n = 33).

e QOutcomes: none.

* Notes: Received raw individual data on birth weight and PFOA concentrations from study authors.

12
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Table S9. Characteristics of Halldorsson et al. 2012.

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge
of exposure groups.

Confounding High risk The authors did not adjust for gestational age or maternal age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed
description of QA/QC.

Incomplete outcome data Low risk The study did not have incomplete outcome data.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the
study’s specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons
appear to be from government and/or academia only.

* Design: Cross-sectional study.

* Participants: Singleton pregnancies in Aarhus, Denmark between April 1988 and January 1989.
* Exposure: PFOA concentrations in maternal serum drawn at 30 weeks gestation. n = 665.

* QOutcomes: Waist circumference and BMI of offspring at age 20.

* Notes: Birth weight was presented by quartiles of maternal PFOA concentration in a table of maternal characteristics.

13
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Table S10. Characteristics of Hamm et al. 2010.

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exposure groups.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description of
QA/QC.

Incomplete outcome data | Low risk The study did not have incomplete outcome data.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Probably low risk | Because the study population was selected from subjects undergoing a screening
procedure typically recommended for older women, the study could be biased
towards inclusion of older women and high-risk pregnancies. However, no
association between PFOA and age was found, and there was no reason to suspect
that comparison groups within the study were different with respect to PFOA
exposure.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear to
be from government and/or academia only.

* Design: Cross-sectional study.

* Participants: Singleton births from women (>18 years) that elected to undergo second trimester prenatal “triple-screen” between
12/15/05 and 6/22/06 in Edmonton, Canada.

* Exposure: PFOA concentrations in maternal serum collected at 15-16 weeks of gestation (Continuous and tertile). n=252.

* QOutcomes: Birth weight (continuous; beta statistic, z-score), small for gestational age.

14
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Table S11. Characteristics of Kim S et al. 2011.

Bias Rating Support for judgment

Recruitment Probably low risk | Study lacks complete description of exclusion criteria, but otherwise no reason to
suspect there were substantial differences between comparison groups other than
PFOA exposure.

Blinding Low risk Knowledge of the exposure groups were adequately prevented during the study.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description of
QA/QC.

Incomplete outcome data | Low risk There was a discrepancy in the sample sizes for data analysis from what was reported

as the total number of participants. However, the discrepancy was explained as
participant drop-out and missing covariate information upon correspondence with the

authors.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Probably low risk | Associated funds and persons appear to be from government and/or academia only

and free of financial interests in study results. However, no claim denying conflicts of
interest was made.

* Design: Cross-sectional study.

* Participants: Pregnant women at three hospitals in Seoul, Cheongju, and Gumi, South Korea between August 2008 and March,
2009.

 Exposure: PFOA concentrations in maternal serum collected in the 3™ trimester and cord blood (continuous). n=31 (maternal
serum); n=43 (cord serum).

* Outcomes: Birth weight (continuous; Pearson’s partial correlation).

e Notes: Received raw individual level data from authors.

15
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Table S12. Characteristics of Kim SK et al. 2011.

Bias Rating Support for judgment

Recruitment Probably low risk | Study lacks complete description of recruitment criteria, but otherwise no reason to
suspect there were substantial differences between comparison groups other than
PFOA exposure.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
eXposure groups.

Confounding High risk The authors did not adjust for gestational age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description of
QA/QC.

Incomplete outcome data | Low risk Three participants were excluded from the birth weight analysis, but the discrepancy
was accounted for in correspondence with the authors.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest High risk No conflict of interest statement is provided and the study was funded by a plastic
additives manufacturer.

* Design: Cross-sectional study.
* Participants: Women (age >25) in Seoul Korea in 2007.
* Exposure: PFOA concentrations in maternal serum collected the day before delivery and cord blood (continuous). n=17.

e Outcomes: Birth weight (continuous; spearman correlation p-value).
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Table S13. Characteristics of Maisonet et al. 2012.

Bias Rating Support for judgment

Recruitment Probably low risk | The population is divided into two groups (menarche <11.5 yrs. and random
non-cases >11.5 yrs.) from previous study and randomization is not described.
Weighted statistical analysis accounted for sampling scheme.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
eXposure groups.

Confounding Low risk The authors only adjusted for gestational age in their analysis because preliminary
analysis found that maternal age did not have an effect in this population.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description of
QA/QC.

Incomplete outcome data | Probably low risk® | A number of births was excluded from analysis due to missing covariate data (6%
for birth weight, 20% for birth length). Categories for variables missing >10% rate
were included in analyses. No reason to suspect that study groups are different with
respect to missing covariates; mean values of outcomes and covariates were similar
between group in analysis and total cohort.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear to

be from government and/or academia only.

* Design: Prospective cohort study; cross-sectional exposure.

e Participants: Pregnant women from the Avon Longitudinal Study for Parents and Children, Great Britain with an expected delivery
data between April, 1991 and December, 1992 selected from a previous study of maternal pertfluoroalkyl compound concentrations
and menarche.

* Exposure: PFOA concentrations in maternal serum collected between 10-28 weeks of gestation (categorical and tertile). n=439.

* Qutcomes: Birth weight (continuous; beta statistic), length, ponderal index.

17
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Notes: Cross-sectional exposure. Received beta estimates on untransformed PFOA scale from authors. *Because the level of
missing data was higher (19-20%) for birth length and ponderal index, we assigned “probably high risk” to these outcomes (not
presented in Figure 3) for this domain. This is the only instance where a risk of bias rating differed by outcome and therefore risk

of bias results are not presented separately by outcome.
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Table S14. Characteristics of Monroy et al. 2008.

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exposure groups.

Confounding High risk The authors did not adjust for maternal age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description of
QA/QC.

Incomplete outcome data | Low risk Incomplete outcome data were adequately addressed.

Selective reporting Low risk The study 1s free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest High risk The study was funded by the American Chemistry Council, an industry group.

e Design: Cross-sectional study.

e Participants: Women that presented for an obstetrical ultrasound from January 2004 until June 2005 in Ontario Canada. The
subjects are part of a larger ongoing cohort study, Family Study.

* Exposure: PFOA concentrations in maternal serum collected in the 2™ trimester and cord serum (continuous). n=89.

* QOutcomes: Birth weight (continuous; beta statistic).

* Notes: Birth weight was modeled as a predictor of PFOA levels.
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Table S15. Characteristics of Nolan et al. 2009,

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exposure groups.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment High risk Exposure was estimated using water service category and participant resident
history.

Incomplete outcome data | Low risk The study did not have incomplete outcome data.

Selective reporting Low risk The study 1s free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear
to be from government and/or academia only.

* Design: Cross-sectional study.

* Participants: Singleton births between January 1, 2003 and September 1, 2005 in Washington County, Ohio.

* Exposure: Estimated PFOA exposure based on water service category (water provided completely, partially, or not at all by
PFOA-contaminated source). n=1555.

* QOutcomes: Birth weight (continuous and dichotomous; difference in means, beta statistic, odds ratio).
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Table S16. Characteristics of Savitz et al. 2012a.

Bias Rating Support for judgment
Recruitment Low risk The strategy for recruiting participants was consistent across study groups.
Blinding Probably high risk | The outcome data were self-reported and it was unclear, although suspected, that the

participants were aware of being exposed to PFOA because they were part of a
publicized study that was funded by a lawsuit.

Confounding Probably high risk | The authors restricted the analysis of birth weight to term births but did not account
for gestational age in the analysis of term birth weight.
Exposure assessment Probably high risk | Exposure was retrospectively estimated using environmental, exposure and

pharmacokinetic modeling with several assumptions, although moderate correlation
between predicted vs. observed serum PFOA was reported. Modeling used self-
reported residential histories and GIS linkage to public water distribution systems.

Incomplete outcome data | High risk Unclear why number of term and preterm births does not add up to number of live
births reported; appears that a subset (n=120) of births was not accounted for in
analysis of low birth weight.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear to

be from government and/or academia only.

e Design: Retrospective cohort study.

* Participants: Singleton pregnancies between 1990 and 2006 in the Mid-Ohio Valley. Participants are part of the much larger C8
Health Project. n=10,189 total live births.

* Exposure: PFOA exposure estimated retrospectively based on environmental, exposure and pharmacokinetic modeling in
conjunction with self-reported residential histories and GIS linkage to public water distribution systems. The correlation between
the predicted and observed serum PFOA (measured at time of C8 Health Project) was r=0.67. PFOA concentrations were assigned
to calendar year of pregnancy for present study data analysis (continuous and quintiles of exposure used in analysis).

* QOutcomes: Birth weight (dichotomous; odds ratio).

* Notes: Although excluded from analysis of PFOA and term low birth weight, the relationship between PFOA and pre-term birth

was examined separately (findings: non-significant adjusted OR).

21

ED_002330_00119049-00033



Table S17. Characteristics of Savitz et al. 2012b (Study 1).

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exposure groups.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment High risk Exposure was retrospectively estimated using environmental, exposure and
pharmacokinetic modeling with several assumptions, although moderate correlation
between predicted vs. observed serum PFOA was reported. Modeling used birth
residence for 6 yr. residential history.

Incomplete outcome data | Low risk The study did not have incomplete outcome data.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear to

be from government and/or academia only.

* Design: Retrospective cohort study.

* Participants: Singleton pregnancies between 1990 and 2004 in the Mid-Ohio Valley. Participants are part of the much larger C8

Health Project. Case-control sampling identified cases of term low birth weight (n=918) and a 10% sample of term >/= 2500

grams controls (n=3616).

* Exposure: PFOA exposure estimated retrospectively based on environmental, exposure and pharmacokinetic modeling in

conjunction with birth records and geo identifiers of birth residence assumed for last 6 yrs. Geocodes determined public vs. private

well water source; multiple imputations used for zip code only births (34%) to generate new exposure estimate. (Continuous and

quintiles of exposure used in analysis). n=4,534.

* QOutcomes: Birth weight (continuous and dichotomous; beta statistic, odds ratio), small for gestational age.

* Notes: Although excluded from analysis of PFOA and term low birth weight, the relationship between PFOA and pre-term birth

was examined separately (findings: non-significant adjusted OR).
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Table S18. Characteristics of Savitz et al. 2012b (Study 2).

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exposure groups.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment | Probably high risk | Exposure was retrospectively estimated using environmental, exposure and
pharmacokinetic modeling with several assumptions, although moderate correlation
between predicted vs. observed serum PFOA was reported. Modeling used lifetime
residential history and exposure estimates were calibrated with serum levels measured
after the study period.

Incomplete outcome | Low risk The study did not have incomplete outcome data.

data

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear to be

from government and/or academia only.

* Design: Retrospective cohort study.

* Participants: Singleton pregnancies between 1990 and 2004 in the Mid-Ohio Valley. Participants are part of the much larger C8

health Project.

e Exposure: PFOA exposure estimated retrospectively based on environmental, exposure and pharmacokinetic modeling (same as

Study 1) in conjunction with birth records linked to self-reported births from C8 Health Project which provided lifetime residential

history. Three methods of calculating exposure estimates were used: uncalibrated model estimates; Bayesian time-dependent

calibration that used 2005-2006 serum concentration to update estimates; and traditional calibration that used 2005-2006 serum

concentrations to update estimates and assumed that “higher than expected” serum concentration reflects lifetime (continuous and

quintiles of exposure used in analysis). n=4,142.
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e QOutcomes: Birth weight (continuous and dichotomous; beta statistic, odds ratio), small for gestational age.
* Notes: Although excluded from analysis of PFOA and term low birth weight, the relationship between PFOA and pre-term birth

was examined separately (findings: some evidence of elevated adjusted odds).
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Table S19. Characteristics of Stein et al. 2009,

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding High risk The outcome data were self-reported and the participants were aware of being
exposed to PFOA because they were part of a publicized study that was funded by a
lawsuit.

Confounding Probably high risk | The authors restricted the analysis of birth weight to term births but did not account
for gestational age in the analysis of term birth weight.

Exposure assessment Probably high risk | Serum levels measured up to 5 years after birth were used to estimate exposure. The

description of laboratory analysis also lacks detail.

Incomplete outcome data | Probably low risk | One participant was missing from analysis without explanation, but not likely to
affect results.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear to

be from government and/or academia only.

* Design: Cross-sectional study; retrospective account of outcome data.

* Participants: Pregnancies among female C8 Health Project participants between 2000 and 2006 with serum PFC measurements.

* Exposure: PFOA concentrations in maternal serum collected up to five years after birth (continuous and percentiles). n=1589 live
births.

e QOutcomes: Birth weight (dichotomous data; odds ratio).

* Notes: Although excluded from analysis of PFOA and term low birth weight, the relationship between PFOA and pre-term birth

was examined separately (findings: non-significant adjusted OR).
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Table S20. Characteristics of Washino et al. 2009.

Bias Rating Support for judgment

Recruitment Low risk The strategy for recruiting participants was consistent across study groups.

Blinding Probably low risk | The authors did not discuss blinding but the study design prevents knowledge of
exposure groups.

Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.

Exposure assessment Low risk The exposure assessment methods were robust and included a detailed description
of QA/QC.

Incomplete outcome data | Low risk The study did not have incomplete outcome data.

Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s
specified outcomes were adequately reported.

Other bias Low risk No other potential biases are suspected.

Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear
to be from government and/or academia only.

* Design: Prospective cohort study; cross-sectional exposure.

* Participants: Pregnant women who delivered at Sapporo Toho Hospital, Japan between July 2002 and October 2005.
+ Exposure: PFOA concentrations in maternal serum collected after 2™ trimester (continuous). n=428.

* QOutcomes: Birth weight (continuous data; beta statistic), length, chest circumference, head circumference.

*  Notes: Received raw individual data from authors.
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Table S21. Characteristics of Whitworth et al. 2012.

Bias Rating Support for judgment
Recruitment Probably low | The study lacks description of randomization and the study population is divided into two
risk categories (random, subfecund) from a previous study, but otherwise no reason to suspect
there were substantial differences between comparison groups other than PFOA exposure.
Blinding Probably low | The authors described blinding only for the QA/QC but the study design prevents
risk knowledge of exposure groups.
Confounding Low risk The authors adjusted for both maternal age and gestational age in their analysis.
Exposure assessment Probably low | Incomplete description of the quality assurance and control aspects of the exposure
risk measurements as outlined in the protocol, but otherwise no problems relating to exposure
misclassification were detected.
Incomplete outcome data | Low risk Incomplete outcome data were adequately addressed.
Selective reporting Low risk The study is free of suggestion of selective outcome reporting. All of the study’s specified
outcomes were adequately reported.
Other bias Low risk No other potential biases are suspected.
Conflict of interest Low risk The authors report no conflict of interest, and associated funds and persons appear to be
from government and/or academia only.

* Design: Nested case-control study.

* Participants: Women enrolled in Norwegian Mother and Child Cohort Study between 2003 and 2004 selected for a prior case-
based study of PFCs and subfecundity.

e Exposure: PFOA concentrations in maternal serum collected at the time of enrollment (continuous and quartile). n=849.

e QOutcomes: Birth weight (continuous data; beta statistic), small for gestational age, large for gestational age.

* Notes: Although excluded from analysis of PFOA and term low birth weight, the relationship between PFOA and pre-term birth

was examined separately (findings: non-significant adjusted OR).
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Table S22. Meta-analysis for association between PFOA exposure and birth length (cm).

Study n | Effect estimate (95% CI) | % Weight of study in meta-analysis
Apelberg et al. 2007 | 293 -0.062 (-0.35, 0.23) 1.5

Fei et al. 2008 1347 -0.069 (-0.11, -0.03) 62.6

Washino et al. 2009 | 428 0.041 (-0.16, 0.25) 29

Maisonet et al. 2012 | 356 -0.090 (-0.19, 0.008) 12.9

Chen et al. 2012 429 -0.009 (-0.09, 0.07) 20.1

Overall effect 2853 -0.056 (-0.09, -0.02) 100

Der Simonian-Laird random effects model. p-value for heterogeneity = 0.55; I* = 0%

Adjusted estimates. Apelberg et al.: maternal age, gestational age; Chen et al.: maternal age,

gestational age; Fei et al.: maternal age, gestational age, quadratic gestational age, infant sex,

socio-occupational status, parity, smoking, pre-pregnancy body mass index, gestational week at

blood draw;, Maisonet et al.: smoking, pre-pregnancy body mass index, education, previous live

birth, gestational age; Washino et al.: maternal age, gestational age.
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Table S23. Meta-analysis for association between PFOA exposure and ponderal index.

Study n | Effect estimate (95% CI) | %Weight of study in meta-analysis
Apelberg et al. 2007 293 | -0.043 (-0.079, -0.006) 13.6
Washino et al. 2009 428 -0.031 (-0.072, 0.009) 11.4
Maisonet et al. 2012 360 0.005 (-0.008, 0.018) 353
Chen et al. 2012 429 | -0.007 (-0.017, 0.003) 39.7
Overall effect 1510 | -0.010 (-0.026, 0.005) 100

Der Simonian-Laird random effects model. p-value for heterogeneity = 0.045; I* = 63%

Adjusted estimates. Apelberg et al.: maternal age, gestational age; Chen et al.: maternal age,

gestational age; Maisonet et al.; pre-pregnancy body mass index, previous live birth, gestational

age at blood draw; Washino et al.: maternal age, gestational age.
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Table S24. Meta-analysis for association between PFOA exposure and head circumference (cm).

Study n | Effect estimate (95% CI) | % Weight of study in meta-analysis
Apelberg et al. 2007 | 293 | -0.21 (-0.41, -0.02) 43
Fei et al. 2008 1347 | -0.03 (-0.06, 0.004) 56.4
Chen et al. 2012 429 1-0.01 (-0.07, 0.05) 323
Washino et al. 2009 | 428 | -0.07 (-0.22, 0.08) 7.1
Overall effect 2497 | -0.03 (-0.08, 0.007) 100

Der Simonian-Laird random effects model. p-value for heterogeneity = 0.26; I* = 26%

Adjusted estimates. Apelberg et al.: maternal age, gestational age; Chen et al.: maternal age,

gestational age; Fei et al.: maternal age, gestational age, quadratic gestational age, infant sex,

socio-occupational status, parity, smoking, pre-pregnancy body mass index, gestational week at

blood draw;, Washino et al.: maternal age, gestational age.
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Instructions for Making Risk of Bias Determinations

1. Was the strategy for recruiting participants consistent across study groups?

Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

Protocols for recruitment and inclusion/exclusion criteria were applied similarly across study

groups, and any one of the following:

e Study participants were recruited from the same population at the same time frame; or
e Study participants were not all recruited from the same population, but proportions of

participants from each population in each study group are uniform

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about participant selection to permit a judgment of “YES’, but
there is indirect evidence that suggests that participant recruitment and inclusion/exclusion

criteria was consistent, as described by the criteria for a judgment of ‘YES’.

Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

Any one of the following:
* Protocols for recruitment or inclusion/exclusion criteria were applied differently across
study groups; or
* Study participants were recruited at different time frames; or

e Study participants were recruited from different populations and proportions of
participants from each population in each study group are not uniform

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There is insufficient information about participant selection to permit a judgment of ‘NO’, but
there is indirect evidence that suggests that participant recruitment or inclusion/exclusion criteria

was inconsistent, as described by the criteria for a judgment of ‘NO’.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to
study):

There is evidence that participant selection is not an element of study design capable of

introducing risk of bias in the study.
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2. Was knowledge of the exposure groups adequately prevented during the study?

Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

Any one of the following:

* No blinding, but the review authors judge that the outcome and the outcome
measurement are not likely to be influenced by lack of blinding; or

e Blinding of key study personnel ensured, and unlikely that the blinding could have been
broken; or

e Some key study personnel were not blinded, but outcome assessment was blinded and the

non-blinding of others unlikely to introduce bias.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about blinding to permit a judgment of “YES’, but there is
indirect evidence that suggests the study was adequately blinded, as described by the criteria for

a judgment of “YES’.
Criteria for the judgment of ‘NO’ (i.e. high risk of bias):
Any one of the following:
* No blinding or incomplete blinding, and the outcome or outcome measurement is likely
to be influenced by lack of blinding; or
* Blinding of key study personnel attempted, but likely that the blinding could have been
broken; or
* Some key study personnel were not blinded, and the non-blinding of others likely to
introduce bias.
Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There is insufficient information about blinding to permit a judgment of ‘“NQO’, but there is
indirect evidence that suggests the study was not adequately blinded, as described by the criteria

for a judgment of ‘NO’.
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Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to
study):

There is evidence that blinding is not an element of study design capable of introducing risk of
bias in the study.

3. Were exposure assessment methods robust?

Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

The reviewers judge that there is low risk of exposure misclassification and any one of the

following:

* There is high confidence in the accuracy of the exposure assessment methods; or
* Less-established or less direct exposure measurements are validated against well-

established or direct methods

AND if applicable, appropriate QA/QC for methods are described and are satisfactory, with at
least three of the following items reported, or at least two of the following items reported plus

evidence of satisfactory performance in a high quality inter-laboratory comparison:

Limit of detection or quantification; standards recovery; measure of repeatability; investigation

and prevention of blanks contamination.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about the exposure assessment methods to permit a judgment of
‘YES’, but there is indirect evidence that suggests that methods were robust, as described by the
criteria for a judgment of “YES’. Studies only reporting that the QA/QC items above were

satisfactory but not reporting all of the actual numbers may receive a judgment of “probably

2

yes.

Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

The reviewers judge that there is high risk of exposure misclassification and any one of the

following:

* There is low confidence in the accuracy of the exposure assessment methods; or
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* Less-established or less direct exposure measurements are not validated and are
suspected to introduce bias that impacts the outcome assessment (example: participants
are asked to report exposure status retrospectively, subject to recall bias)

* Uncertain how exposure information was obtained

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There is insufficient information about the exposure assessment methods to permit a judgment of
‘NO’, but there is indirect evidence that suggests that methods were not robust, as described by

the criteria for a judgment of ‘NO’.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to
study):

There is evidence that exposure assessment 1s not an element of study design capable of

introducing risk of bias in the study.
4. Was confounding adequately addressed?

Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

The study accounted for (i.e., matched, stratified, multivariate analysis or otherwise statistically
controlled for) important potential confounders, or reported that potential confounders were
evaluated and omitted because inclusion did not substantially affect the results. The
determination of specific confounders may be informed by the data, including the studies

included in the review.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

The study accounted for most but not all of the important potential confounders AND this lack of

accounting is not expected to introduce substantial bias.

Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

The study did not account for or evaluate important potential confounders.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

The study accounted for some but not all of the important potential confounders
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AND this lack of accounting may have introduced substantial bias.

5. Were incomplete outcome data adequately addressed?

Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

Participants were followed long enough to obtain outcome measurements and any one of the

following:

* No missing outcome data; or

* Reasons for missing outcome data unlikely to be related to true outcome (for survival
data, censoring unlikely to be introducing bias); or

* Missing outcome data balanced in numbers across exposure groups, with similar reasons
for missing data across groups; or

* For dichotomous outcome data, the proportion of missing outcomes compared with
observed event risk not enough to have a biologically relevant impact on the intervention
effect estimate; or

* For continuous outcome data, plausible effect size (difference in means or standardized
difference in means) among missing outcomes not enough to have a biologically relevant
impact on observed effect size; or

*  Missing data have been imputed using appropriate methods

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There is insufficient information about incomplete outcome data to permit a judgment of ‘YES’,
but there is indirect evidence that suggests incomplete outcome data was adequately addressed,

as described by the criteria for a judgment of ‘YES’.

Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

Participants were not followed long enough to obtain outcome measurements OR any one of the

following:

* Reason for missing outcome data likely to be related to true outcome, with either

imbalance in numbers or reasons for missing data across exposure groups; or
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* For dichotomous outcome data, the proportion of missing outcomes compared with
observed event risk enough to induce biologically relevant bias in intervention effect
estimate; or

e For continuous outcome data, plausible effect size (difference in means or standardized
difference in means) among missing outcomes enough to induce biologically relevant
bias in observed effect size; or

* Potentially inappropriate application of imputation.

Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There is insufficient information about incomplete outcome data to permit a judgment of “NO’,
but there is indirect evidence that suggests incomplete outcome data was not adequately

addressed, as described by the criteria for a judgment of ‘NO’.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to
study):

There is evidence that incomplete outcome data is not capable of introducing risk of bias in the

study.
6. Are reports of the study free of suggestion of selective outcome reporting?

Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

All of the study’s pre-specified (primary and secondary) outcomes outlined in the protocol,
methods, abstract, and/or introduction that are of interest in the review have been reported in the

pre-specified way.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There 1s insufficient information about selective outcome reporting to permit a judgment of
‘YES’, but there is indirect evidence that suggests the study was free of selective reporting, as

described by the criteria for a judgment of “YES’.
Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

Any one of the following:
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* Not all of the study’s pre-specified primary outcomes (as outlined in the protocol,
methods, abstract, and/or introduction) have been reported; or

* One or more primary outcomes is reported using measurements, analysis methods or
subsets of the data (e.g. subscales) that were not pre-specified; or

e One or more reported primary outcomes were not pre-specified (unless clear justification

for their reporting is provided, such as an unexpected effect); or

One or more outcomes of interest are reported incompletely
Criteria for the judgment of ‘PROBABLY NQO’ (i.e. probably high risk of bias):

There 1s insufficient information about selective outcome reporting to permit a judgment of
‘NQO’, but there is indirect evidence that suggests the study was not free of selective reporting, as

described by the criteria for a judgment of ‘NO’.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to
study):

There 1s evidence that selective outcome reporting is not capable of introducing risk of bias in

the study.

7. Was the study apparently free of other problems that could put it at a risk of bias?
Criteria for a judgment of ‘YES’ (i.e. low risk of bias):
The study appears to be free of other sources of bias.

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There 1s insufficient information to permit a judgment of “YES’, but there is indirect evidence

that suggests the study was free of other threats to validity.

Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

There 1s at least one important risk of bias. For example, the study:

e Had a potential source of bias related to the specific study design used; or
e Stopped early due to some data-dependent process (including a formal-stopping rule); or

e Had extreme imbalance of characteristics among exposure groups, or
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* Had differential surveillance for outcome between exposure groups or between
exposed/unexposed groups

* The conduct of the study is affected by interim results (e.g. recruiting additional
participants from a subgroup showing greater or lesser effect); or

* An insensitive instrument is used to measure outcomes (which can lead to under-
estimation of both beneficial and harmful effects); or

* Selective reporting of subgroups; or

* Has been claimed to have been fraudulent; or

* Had some other problem

Criteria for the judgment of ‘PROBABLY NQO’ (i.e. probably high risk of bias):

There is insufficient information to permit a judgment of ‘NO’, but there is indirect evidence that
suggests the study was not free of other threats to validity, as described by the criteria for a

judgment of ‘NO’.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to
study):

There is evidence that other potential threats to validity are not capable of introducing risk of

bias in the study.

8. Was the study free of support from a company, study author, or other entity having a
financial interest in any of the exposures studied?

Criteria for a judgment of ‘YES’ (i.e. low risk of bias):

The study did not receive support from a company, study author, or other entity having a

financial interest in the outcome of the study. Examples include the following:

* Funding source is limited to government, non-profit organizations, or academic grants
funded by government, foundations and/or non-profit organizations;

e Chemicals or other treatment used in study were purchased from a supplier;

* Company affiliated staff are not mentioned in the acknowledgements section;

e Authors were not employees of a company with a financial interest in the outcome of the

study;
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* Company with a financial interest in the outcome of the study was not involved in the
design, conduct, analysis, or reporting of the study and authors had complete access to
the data;

*  Study authors make a claim denying conflicts of interest;

e Study authors are unaffiliated with companies with financial interest, and there is no
reason to believe a conflict of interest exists;

* All study authors are affiliated with a government agency (are prohibited from
involvement in projects for which there is a conflict of interest or an appearance of

conflict of interest).

Criteria for the judgment of ‘PROBABLY YES’ (i.e. probably low risk of bias):

There 1s insufficient information to permit a judgment of “YES’, but there is indirect evidence
that suggests the study was free of support from a company, study author, or other entity having
a financial interest in the outcome of the study, as described by the criteria for a judgment of

‘“YES’.
Criteria for the judgment of ‘NO’ (i.e. high risk of bias):

The study received support from a company, study author, or other entity having a financial

interest in the outcome of the study. Examples of support include:

* Research funds;

e Chemicals provided at no cost;

e Writing services;

*  Author/staff from study was employee or otherwise affiliated with company with
financial interest;

* Company limited author access to the data;

* Company was involved in the design, conduct, analysis, or reporting of the study;

* Study authors claim a conflict of interest
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Criteria for the judgment of ‘PROBABLY NO’ (i.e. probably high risk of bias):

There is insufficient information to permit a judgment of ‘NO’, but there is indirect evidence that
suggests the study was not free of support from a company, study author, or other entity having a

financial interest in the outcome of the study, as described by the criteria for a judgment of ‘NO’.

Criteria for the judgment of ‘NOT APPLICABLE’ (risk of bias domain is not applicable to
study):

There is evidence that conflicts of interest are not capable of introducing risk of bias in the study.
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Figure legend

Figure S1. Summary of data extracted from all studies of PFOA exposure with a dichotomous
outcome of birth weight. Low birth weight is defined as less than 2500 grams. The PFOA
increase is the exposure contrast being compared in each study. Square markers represent data
where there was an exposure gradient that can be evaluated when considering dose-response in
upgrading the quality of the evidence (Table 6). Savitz et al. 2012b paper presented additional
alternative estimates not included in Figure S1 due to space limitations. Nolan et al. 2009, Savitz
et al. 2012a, Savitz et al. 2012b and Stein et al. 2009 were conducted in the same geographical

area and participants may overlap.

Covariate abbreviations from each study: ga=gestational age; ma=maternal age; bmi=body mass
index; par=parity; smk=smoking status; sex=infant gender; ht=maternal height, wtg=maternal
weight gain during pregnancy; dia=diabetes; hyp=hypertension; cot=serum cotinine;
edu=maternal education level; delmode= delivery mode; SES=socioeconomic status;
gabd=gestational age at blood draw; PFOS=serum perfluorooctane ulfonic acid; grav=gravidity;
mwt=maternal prepregnancy weight; exposyr=year of exposure estimate; state=state of
residence; bsp=blood sampling period. Figure S1 was created using Meta Data Viewer (Boyles

2011).
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Comparison (ng/mL)

gecmeanistdevy=1,84(2.23)

1 to 3.91-5.20 ng/mt

1 to 5.21-6.96 ng/mi

<2391 tn /= 5.97 ng/mt

na

na

2.1¢

108 ng/mt.

3.5-<6.8 10 5.8-<16.8
3.9-<6.2 10 16.6-<63.1
3.9-<6.5 10 63.1-934.3

1.92

100 ng/mi.
39-<89t8.9-<158
3.9-<882119.6-53.1
3.9- <8810 53.1-1887.0

10.3-48.8

0.25 - <21,
025 -<2%
0.26 - <21,

3t021.3-804.4
310313 - <50
3o 80-<120.6
0.25- <21.3t0 120.6 - 8944

Covariates

ga, ma. b, par, cof, sex, adu, delivimode
&, ma, b, par, sk, sex, SES, gabd
aa, ma. bra, par, smk, sex, SES, gshd

g8, ma, brei, par, smi, sex, SES, gabd

aa, ga2. ga3, ma, rane, sex, $E8

g8, gaz, gad, ma, race, sex, SES

ma, par, smk, edis, exposyr

ma, par, MK, edu, exposyr

ma, pas, smk, edu, Sk

ma, par, smk, adu, exposyr
ma, par, smk, edu, exposyr

gR, Ma, P, e, Sk, eXposyt. state

ga., ma, par, =du, smk, exposyr, state
ga, ma, par, edu, smk, exposyr, state

gR, T, par, e, Sk, exposyr. state

ga, ma, par, edu, snik, exposyr, state

ma, par, sink, sdu, PFOS
ma, par, smk, edu, PFCS
ma, pai, smk, edu, FEOS
ma, par, smk, edy, PFOS
ma, par, sk, edu, PFGS

I{TT{ TTdel b

OR with 86% Ci

. beta estimate @ beta estimate that can be used to evaluate dose-response

44
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